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Voorwoord
Met de openbare verdediging van dit proefschrift wordt een project afgesloten waarbinnen 
zich enkele opmerkelijke ontwikkelingen hebben voorgedaan.
Een  eerste ontwikkeling heeft betrekking op de overgang van empirie naar theorie. In 2002 
ben ik dit proefschrifttraject gestart vanuit een sterk empirisch gerichte motivatie. Theoretische 
ontwikkeling zag ik destijds nog primair als noodzakelijk kwaad. O m dat deze wat eenzijdige 
oriëntatie een zwakke basis vorm t om  een proefschrifttraject in te gaan ben ik de 
samenwerking aangegaan met de leerstoelgroep sociale geografie aan de Radboud Universiteit, 
die zich juist sterk op theoretische ontwikkeling manifesteert. Ik zie het als grote verdienste van 
Huib Ernste en Arnoud Lagendijk dat zij het le f hebben gehad als prom otor en co-prom otor 
m et mij in zee te gaan. Zonder de herhaaldelijke interventies van A rnoud zou deze studie geen 
schim zijn van het proefschrift dat nu ter tafel ligt. Huib heeft zich een meester getoond in het 
vinden van een evenwicht tussen het zoeken naar verdere verbetermogelijkheden en het zetten 
van een punt achter een ongetwijfeld nog onvolm aakt stuk werk. Frans Boekem a wil ik 
bedanken voor zijn betrokkenheid en vooruitziende blik. H et was Frans die bij mijn afstuderen 
in 2000 al zinspeelde op het schrijven van een proefschrift.
Vooral in de laatste paar jaar heeft de studie een belangrijke theoretische com ponent gekregen, 
die niet tot stand was gekomen zonder de inbreng vanuit de leerstoelgroep. Nijmegen heeft 
onmiskenbaar invloed gehad. Niettemin is er ook op empirisch vlak sprake van enige 
ontwikkeling. D e basis hiervoor is gelegd door Walter M anshanden en zijn enthousiasme voor 
en kennis van databewerking. Frank van O ort ben ik dank verschuldigd voor zijn heldere en 
toegankelijke introductie op het specialistische onderdeel van de ruimtelijke econometrie. Het 
vijfde hoofdstuk, dat voor een belangrijk deel is gebaseerd op ruimtelijk econometrische 
analyses, heeft gewonnen aan kwaliteit dankzij de inbreng van Henk Folm er en Paul Elhorst. 
Al tijdens de allereerste fasen van dit traject heb ik me sterk gemaakt om  een containerbegrip 
als innovatie op zo eenduidig mogelijke wijze proberen te meten op regionaal niveau. M oest dit 
in de beginfasen nog noodgedwongen op basis van n og vrij grove schattingstechnieken, 
inmiddels zijn de mogelijkheden om  innovatiegegevens ruimtelijk uit te splitsen aanmerkelijk 
verbeterd. D it geldt vooral voor de mogelijkheden voor analyse op het microniveau van de 
individuele onderneming. H et Centrum voor Beleidsstudies van het Centraal Bureau voor de 
Statistiek vervult een spilfunctie voor onderzoek op microniveau op het vlak van innovatie 
door databestanden beschikbaar te stellen aan externe onderzoekers. G raag wil ik de 
medewerkers van het centrum danken voor de geboden ondersteuning op locatie bij het CBS 
in V oorburg en D en Haag. In het bijzonder wil ik Gerhard Meinen noem en die vanuit het C BS 
de constante factor is geweest in onze gezamenlijke pogingen de regionale dimensie expliciet 
uit te splitsen in de innovatie-enquête. Helaas kon deze uitsplitsing niet m eer worden 
betrokken in mijn proefschrift. Gelukkig betekent de afronding van een proefschrift niet
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noodzakelijk het einde van mijn wetenschappelijke activiteiten. Ik hoop dan ook in de 
toekom st de samenwerking te kunnen voortzetten.
Een  tweede belangrijke ontwikkeling die zich tijdens dit onderzoekstraject heeft voorgedaan 
heeft betrekking op de overgang van mijn eigen rol als criticaster vanaf de zijlijn naar een rol 
als overtuigd pleitbezorger van gebiedsgericht innovatiebeleid. In 2002 is dit proefschrifttraject 
ingezet m et een pilot studie naar het econom isch belang van clustering. D e resultaten zijn kort 
sam engevat gepubliceerd in het econom envakblad Economisch Statistische Berichten onder de titel 
“ Clusters geen walhalla voor innovatie” , waarin clustering werd gemeten aan de hand van 
zakelijke markttransacties binnen een en dezelfde provincie. Een  overtuigend verband met 
innovatiekracht kon op basis van deze analyses niet worden aangetoond. O p basis van de 
conceptresultaten van de in dit proefschrift gepresenteerde analyses ben ik al snel rooskleuriger 
gaan denken over clusterbeleid. In 2007 ben ik vanaf de zijlijn van consultancy recht in het hart 
van het gebiedsgericht econom isch beleid gesprongen bij de directie Ruimtelijk Econom isch 
Beleid van het ministerie van Econom ische Zaken. N o g  geen v ijf jaar na verschijning van het 
artikel “ Clusters geen walhalla voor innovatie”  zag een nieuwe bijdrage het licht in het vakblad 
Bedrijventerrein, “ Pieken m et valleys, clusters en dalen” .
Mijn collega’s bij het Directoraat-Generaal voor Ondernemen en Innovatie bedank ik voor 
hun betrokkenheid bij de totstandkom ing van dit proefschrift. In het bijzonder Luuk K lom p, 
Theo Roelandt, Evert-Jan V isser en Jasp er W esseling ben ik veel dank verschuldigd voor hun 
open blik en opbouwende commentaren. Piet D onselaar en H ugo Erken verdienen veel lo f 
voor hun verwoede pogingen mij in te wijden in de endogene groeitheorie.
Een  derde trend in dit onderzoekstraject heeft betrekking op mijn capaciteitsinzet gedurende 
de verschillende onderzoeksfasen. In de eerste fasen, waarin het zaak is uitgebreid tijd en 
energie te steken in het verkennen van verschillende richtingen en benaderingswijzen, heb ik 
veel baat gehad van de m anagem entbeslissing bij mijn voormalige werkgever T N O  om  iedere 
week een werkdag op te kunnen offeren aan mijn onderzoek. Theo Reijs, destijds hoofd  
Ruimtelijke Ontwikkeling bij T N O  Inro, verdient wat dit betreft veel dank voor het in mij 
gestelde vertrouwen. Bij een beleidsdepartement als het ministerie van Econom ische Zaken 
kan deze capaciteit logischerwijs niet worden geboden. Niettem in ben ik ook het ministerie 
veel dank verschuldigd, vooral Cees Kortleve en Erik Schmieman, voor het bieden van de 
noodzakelijke flexibiliteit om  verlof op te nemen om  het proefschrift a f te kunnen ronden.
O m  een proefschrift naast een voltijdbaan a f te kunnen ronden vereist niet alleen toewijding 
van de prom ovendus, maar ook geduld van zijn om geving voor wie het nastreven van deze 
ambitie niet een eigen keus is geweest. Hulde daarom aan mijn familie, mijn ouders en zus in 
het bijzonder. Hulde ook aan mijn vrienden. W outer, O laf en Henk wil ik in het bijzonder 
bedanken. D e stellingen hebben veel baat gehad bij onze discussies en marge van het 
koehandelspel. Dankzij de gastvrijheid van Stefan en Inge kon ik me tijdens de beginfase van 
het onderzoek de luxe van een pied-à-terre in Nijm egen permitteren.
x
V oor de liefde en steun van Tessa, aan wie ik dit boek opdraag, schieten w oorden te kort.
Pieter de Bruijn 
D elft, mei 2010
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1 Innovation and the region
1.1 S co p e  o f  the stu dy
This study focuses on spatial determinants in innovation processes. The focus on spatial 
determinants o f  innovation implies both the importance o f  innovation in issues o f  competitive 
strength and the relevance o f  regional determinants in innovation processes. Hence, before 
elaborating on the aim o f  this study in greater detail, this section briefly addresses the relevance 
o f  both innovation in economic developm ent and the relevance o f  spatial determinants in 
innovation processes.
Innovation is widely considered to be the engine behind sustained competitive advantage. 
Barney (1991, p. 102) defines competitive advantage as being sustained only ‘i f  it continues to 
exist after efforts to duplicate that advantage have ceased’. In the first half o f  the previous 
century, the Austrian econom ist Jo seph  Schum peter (1939, p. 87) introduced the concept o f  
innovation as a change in the form  o f  the production function by implementing novelties or 
new variations in the production process1. Innovation can be seen as a process o f  creative 
destruction, which ‘incessantly revolutionizes the economic structure from  within, incessantly 
destroying the old one, incessantly creating a new one’ (Schumpeter, 1996, p. 83). Through the 
successful implementation o f  strategies based on innovation, com panies can obtain (at least 
temporarily) a m onopoly position protecting themselves from  cost competition. In this 
context, analogue to the saying that w isdom  is better than strength, creativity is better than a 
low cost structure.
With these insights, it com es as no surprise that endogenous growth m odels treat knowledge as 
an important factor to explain economic growth (Romer, 1986; 1990; Lucas, 1988). However, a 
m ajor drawback o f  endogenous growth theory is that it fails to describe the actual process o f  
knowledge spillovers between economic agents. The evolutionary school in econom ics 
(Nelson and Winter, 1982; D osi et al., 1988), which builds on Schum peter’s ideas, provides 
more potential in this respect.
Evolutionary econom ics places a central emphasis on structural development, em bodied in 
technological changes, as a disequilibrating factor in economic life. Whereas in standard 
neoclassical contributions, technology is context-independent and therefore generically 
applicable, codified and accessible at no notable costs (Smith, 1995, p. 75), evolutionary
1 Schum peter (1949, p.66) distinguishes five different cases: 1) the introduction o f  a new  g o o d  or a new  
quality o f  a good ; 2) the introduction o f  a new m ethod o f  production ; 3) the opening o f  a new m arket; 4) 
the conquest o f  a new  source o f  supply o f  raw m aterials or half-m anufactured good s; and 5) the carrying 
out o f  a new  organisation o f  an industry.
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econom ics stresses the constraining role o f  technological paradigms in technological 
trajectories. Technological paradigms define the directions in which technology is developed 
and applied. In evolutionary econom ics, technological developm ent is socially constructed. It is 
cumulative in the sense that future technological possibilities are highly determined by the 
existing knowledge base and technological com petences (D osi, 1988). Technological 
developm ent occurs through interactive processes, as firms gain innovation stimuli from  both 
the supply side (scientific advances in technology) and the dem and side (a critical and 
demanding consum er base) (Kline and Rosenberg, 1986). Finally, technological developm ent is 
institutionally embedded. Innovations arise in ‘organized m arkets’, in which mutual trust and 
mutually respected codes o f  behaviour will normally be necessary to overcom e the uncertainty 
involved in innovation processes (Lundvall, 1988).
The recent revival o f  Schum peter’s ideas in the evolutionary, or neo-Schumpeterian school o f  
economic thought, have been accompanied by an increasing attention for the region as 
structuring element in economic life (Lam booy, 2005). The 1990s saw a range o f  publications 
with inspiring catchphrases and concepts like ‘the wealth o f  regions’ (Storper and Scott, 1995), 
‘the learning region’ (Florida, 1995), ‘the regional world’ (Storper, 1997) and ‘new regionalism’ 
(Lovering, 1999). The attention to regional determinants o f  competitive strength is based on an 
overwhelming num ber o f  anecdotal case studies o f  economically successful regions, which 
show that the regional production environment offers econom ies o f  scale and scope in 
innovation processes. The m ost often cited examples o f  such cases are Silicon Valley in 
California and Em ilia-Rom agna and Tuscany in Central-Italy (for a detailed background see 
Boxes 1.1 and 1.2).
B ox 1.1 Silicon Valley
Silicon Valley com prises the Southern part o f  the San Francisco Bay A rea in N orthern  California 
and is widely accepted as one o f  the m o st prom inent cases o f  regional econom ic success. The  
num ber o f  regions in which actors try to copy the Valley’ s success is overwhelming. All over the 
world governm ental planners and business netw orks refer to Silicon Valley’ s success in capturing  
com petitive strength. E xam ples include Silicon Alley in N ew  Y ork  City, W ireless Valley in 
Stockholm , Sw eden and Silicon F orest in Portland, Oregon.
The netw ork-based industrial system  o f  Silicon Valley is o f  central im portance in the competitive  
strength o f  firm s located  in the area. The industrial structure o f  Silicon Valley proves to be quite 
different from  the traditional h ot sp ot o f  electronics industries, the B o sto n /C am b rid ge  region along  
the E ast-coast o f  the U .S., often  referred to as Route 128. W hereas the industrial structure o f  Route 
128 can be characterized as a system  o f  independent firm s, with relatively high levels o f  vertical 
integration, Silicon Valley can be seen as a m ore decentralized netw ork system , in which time-to- 
m arket o f  start-up firm s is the central element o f  com petitive advantage.
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In  a netw ork-based industrial system  like in Silicon Valley, the region - i f  n ot all the 
firm s in the region - is organized to adapt continuously to fast-changing m arkets 
and technologies. T h e system ’s decentralization encourages the pursuit o f  multiple 
technical opportunities through spontaneous regroupings o f  skill, technology and 
capital. Its production  netw orks prom ote a p rocess o f  collective technological 
learning that reduces the distinctions betw een large and sm all firm s and betw een  
industries or sectors. The independent firm -based industrial system  flourished in an 
environm ent o f  m arket stability and slow-changing technologies because its leading  
producers benefited  from  the advantages o f  scale econom ies and m arket control. It 
has been  overwhelm ed, how ever, by changing com petitive conditions. 
Corporations that invested in dedicative equipm ent and specialized workers find  
them selves locked  in to obsolete technologies and m arkets, while hierarchal 
structures lim it their ability to adapt quickly as conditions change. (Saxenian, 1994, 
p. 9)
The features o f  the Valley’ s netw ork system  can be sum m arized in three interconnected  
dim ensions. The central feature in the Valley’ s industrial system  is the division o f  labour in a 
decentralized netw ork structure, which offers com panies access to a wide range o f  state-of-the-art 
com petences and resources. Especially  fo r start-up firm s, easy and secure access to com plem entary  
com petences is a necessity to gain competitive strength. In  the w ords o f  Je ffrey  K alb , founder o f  a 
com puter com pany that was typical o f  a wave o f  specialized start-ups fuelling the econom ic bo o m  
o f  Silicon Valley:
[ ...]  when you’re in start-up m ode, time is everything. Tim e-to-m arket is right 
behind cash  in your priorities as a start-up. W hen things are right dow n the street, 
decisions get m ade quickly.”  (Saxenian, 1994, p. xi)
This im pact goes beyond narrowly defined user-producer interactions in vertical production  chains. 
Saxenian (1994) points to the im portance o f  venture capitalists, consultants, specialized service 
industries, university links and other educational institutes. The role o f  venture capitalists is not 
confined to providing capital for entrepreneurial activity, venture capitalists also bring technical 
skill, operating experience and netw orks o f  industry contacts to the ventures they fund, thus 
becom ing unusually involved in advising on business plans and strategies, recruiting key m anagers 
and serving on boards o f  directors. Service providers such as lawyers, m arket research firms, 
consulting com panies, public relations com panies and electronics distributors, are specialized in 
problem  areas im portant to technology firms. Universities and com m unity college system s form  
essential elements in the Valley’ s technological infrastructure, n ot only by their training program s 
in electrical engineering, but also by providing educational facilities for sm all com pany staffs and  
providing opportunities for research collaboration betw een faculty departm ents and outside 
com panies. In  addition, the interaction is channelled through a variety o f  form al and inform al, 
social and professional networks. T hese networks serve as a conduit for the dissem ination o f  
technical and m arket inform ation, play an im portant role in job m obility as job recruiting networks, 
build consensus in processes o f  standard-setting activities, coordinate interaction with county  
governm ent in solving social and political problem s and provide m anagem ent assistance services 
for start-up firms. A s interaction in networks ultimately depends on the credibility and
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trustw orthiness o f  the partners involved, cultural factors play a decisive role in the Valley’ s 
com petitive advantage. Perhaps the m o st striking feature o f  the com m unity in Silicon Valley is that 
com m itm ent and loyalty transcend the boundaries o f  individual firms. Jo b  m obility is exceptionally  
high. A ccording to Saxenian (1994) the region’ s social and professional netw orks operate as a kind  
o f  m eta-organization through which engineers, in shifting com binations, organize technological 
advance. Technological achievem ents and entrepreneurship are valued highly, risk taking is 
legitim ized and failure is accepted. The open culture o f  the Valley can partly be explained by the 
com m on  background o f  the initial founders. N early  all were white m en, m o st in their early 
twenties. M oreover, m any o f  them had a shared distrust o f  established E ast C oast institutions and  
establishm ents. N on e h ad  roots in the region. H aving left behind families, friends and established  
com m unities, they were open to experimentation.
O f  course, this environmental setting did n ot evolve overnight. Stanford University played a 
decisive role in the region’ s transform ation as the world’ s leading h ot spot in high-technology  
electronics. D uring the Second W orld War and the ensuing C old  War, Stanford  University, like the 
M assachusetts Institute o f  Technology (M IT) in the R oute 128 region, was already am ong the 
leading beneficiaries o f  defence and aerospace contracts. In  the first steps o f  the Valley’ s evolution  
from  an industrial structure serving governm ental needs to an econom ic fabric serving 
predom inantly busin ess and consum er needs, Stanford  University played a pivotal role. A ccording  
to Saxenian (1994), the role the university played can, to a considerable degree, be attributed to the 
vision o f  one person  in particular, Frederick Term an, p ro fe sso r  o f  electrical engineering at 
Stanford  University. N o t only did he lay the foundations for an strong intensification o f  
interactions betw een the university and local businesses, he also m ade great efforts to prom ote  
what he perceived as the need for com m unication and cooperation  betw een firm s located  in the 
region. The im portance o f  personal vision and actions for the cultural and econom ic evolution o f  
the Valley is also em phasized in relation to other anchorm en like, for instance, William H ew lett 
and D av id  Packard.
The Silicon Valley case clearly dem onstrates that the econom ic success o f  the region is well- 
rooted  in cultural factors in which the Valley’ s netw ork econom y is em bedded. Regional factors are 
im portant elem ents in the econom ic evolution o f  the region. Firstly, proxim ity facilitates job  
mobility. Jo b  transfers ‘around the corner’ are far m ore easily accom plished than a transfer over a 
large distance. Secondly, proxim ity translates itse lf into time benefits. M oreover, the m o st strategic 
relationships are often  local, because o f  the im portance o f  timeliness and face-to-face  
com m unication for rapid product developm ent. Thirdly, spatial clustering is further facilitated by  
the m orphological structure o f  the San  Francisco bay area. Finally, although the Valley’ s 
entrepreneurs have no roots in the region itself, they all share a spatial connotation in their value 
pattern in their opposition  to the E ast C oast establishm ent. F rom  there, it is just a small step to an 
‘us versus them’ attitude.
Source: Saxenian, 1994
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D espite im portant differences in cases o f  innovative growth regions, similarities am ong the 
overwhelming number o f  case studies reported in the literature are striking. In all anecdotal 
material based on innovative growth regions, the regional environment is revealed as an 
important, i f  not essential, dimension o f  competitive strength. A s elaborated in Boxes 1.1 and 
1.2, both  Silicon Valley and Third Italy experienced above-average growth figures over several 
decades. In the case o f  Silicon Valley, growth is based on technological breakthroughs in 
information and communication technologies, whereas in the Italian examples growth is 
predominantly based on non-technological innovations like marketing and design in traditional 
manufacturing and artisan sectors. Despite important differences, features in the regional 
environment are seen as m ajor prerequisites for structural above-average growth rates. 
Regional networks are not defined through market forces alone. A  com m on feature is that the 
institutional environment, which is in turn heavily dependent on social and cultural factors, 
clearly determines the organizational outcom e o f  production. For instance, in Silicon Valley the 
prevalent network is a social business network whose m em bers do not share historical roots in 
the region. On the other hand, networks in Third Italy are determined by strong historical 
family roots in the district.
B ox 1.2 Third Italy
The Third Italy region com prises the north-eastern and central part o f  Italy. It is only recently that 
the region is seen as an im portant factor in the spatial division o f  labour in the Italian econom y. A s 
Scott (1988a, p. 44) argues, over m uch o f  the period since the Second W orld W ar, regional 
developm ent in the Italian space econom y has typically been described as a sim ple bipartite split 
betw een the N o rth  (the core industrial triangle defined by Milan, G en oa and Turin) and the South  
(the backw ard M ezzogiorno area).
F ro m  the early 1960s onw ards, industrial em ploym ent in the Th ird  Italy regions has grow n in 
above-average terms. Betw een 1961 and 1971, industrial em ploym ent in the Third  Italy regions has 
grow n by 26 percent, whereas in the rest o f  the country the average grow th figures am ount to only 
12 percent (Scott, 1988a, p. 45). A lso, in the crisis years betw een 1971 and 1981, when industrial 
em ploym ent in the rest o f  Italy expanded by only 4 percent (with a decline o f  2 percent in the 
industrial triangle region), it increased in the Third  Italy by as m uch as 20 percent. A s Scott (1988a, 
p. 45) argues, m any theorists at first merely saw these developm ents as a tem porary and aberrant 
phenom enon, a side-effect o f  the econom ic crisis in the N orth. It was n o t until the late 1970s that 
the developm ent o f  the Third  Italy region was recognized as a durable and significant alternative to 
the established patterns in the N o rth  and South.
A  rich array o f  empirical investigations on regional econom ic developm ent in Third  Italy regions, 
notably Tuscany and Em ilia-Rom agna, sheds light on the interplay o f  econom ic, institutional and 
cultural factors at the basis o f  the outstanding econom ic achievem ents in Third  Italy regions. A s 
far as the econom ic organization o f  production  is concerned, bo th  specialization and 
decentralization serve flexibility as m ain com petitive asset (Brusco, 1982; Piore and Sabel, 1984). 
Sm all-scale enterprises and hom ew ork characterize large segm ents o f  production  (G arofoli, 1994).
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Through decentralized flexible production , com panies are efficiently able to m eet the dem and for 
m ore varied and custom ized go o d s produced  in short series. A t the sam e time, trade union pow er  
is delimited (Brusco, 1982). Furtherm ore, the institution o f  hom ew ork enables producers to tap 
reserves o f  cheap fem ale labour that w ould otherwise n ot be available for em ploym ent on a regular 
basis in the factory (Scott, 1988a, p. 52). The regional production  structure o f  Th ird  Italy regions 
is highly specialized in artisan sectors. O ften  cited exam ples include Prato, B ologn a and Florence, 
all em bodying large concentrations o f  firm s in, respectively, w ool textile industries, m etal and 
m achinery industries, jewellery and clothing and eyewear, furniture, leather and shoes industries. 
Within this overall area system , local specialization o f  production  activities is extremely m arked  
(Scott, 1988a, p. 53). N etw orks o f  collaborating firm s are grouped  in relatively small zones, 
according to the products produced. M onoculture areas in which all firm s have a low  degree o f  
vertical integration and where production  is carried out by collaboration o f  firm s are the rule in 
Third Italy. A s B rusco (1982) describes:
In  these areas only a proportion  o f  the small enterprises m arket finished good s; 
the others w ork as subcontractors, executing operations com m issioned  by the first 
group o f  firms. (Brusco, 1982, p. 169)
Coordination within these locally organized industrial netw orks is o f  critical im portance in the 
econom ic vitality o f  the firm s concerned. V arious studies em phasize different m odes o f  regional 
coordination in the various localities in Third Italy. V arious studies (see Lazzeretti et al., 2004) 
em phasize the organizational coordination by  specialized brokers, impannatori, who farm out 
particular tasks to independent subcontractors and focus on m arketing finished products without 
being engaged in the m anufacturing processes them selves. O ther coordination m echanism s cover a 
broad  range o f  private, public and private-public actors. In  som e cases coordination is carried out 
through global franchise organizations, as in the case o f  B enetton (Belussi, 1987). In  other cases 
coordination is achieved through public non-profit m aking collectives o f  producers (Scott, 1988a, 
p. 56), quasi-vertically integrated collectives, such as the historically rooted  cooperatives in  
agricultural Em ilia-Rom agna (Bartlett et al., 1992) and public-private project initiatives devoted to 
specific aims, such as Prato’ s S P R IN T  initiative devoted to the developm ent o f  inter-industrial 
telem atics (K um ar et al., 1998). Regional coordination beyond the firm ’ s boundaries, term ed by  
Scott (1988a, pp. 56-57) as the super structural environm ent o f  industrial districts, perm its 
entrepreneurs to gain access to specialized services, capital provision  and coordination over the 
value chain, w ithout sacrificing flexibility, to effectively penetrate niche m arkets. W hat these 
coordination m odes have in com m on  is that they are rooted  in their socio-cultural environment. 
A s Scott (1988a) points out:
[ ...]  Individual centers o f  production  often  develop deeply rooted  cultural 
traditions in which practical know ledge about local trades and form s o f  busin ess is 
unselfconsciously  absorbed  by local citizenry. The process is reinforced where 
nearby schools and colleges provide specialized training suitable fo r local needs.
(Scott, 1988a, p. 58)
18
Success stories like Silicon Valley and Third Italy have gained huge attention from  the scientific 
community, consultancy firms and policy officials (Castells and Hal, 1994; Storper, 1995). 
Especially for geographers, case studies o f  regional success stories offer an appealing view on 
economic life in which the region is seen as a fundamental basis o f  contem porary capitalism. 
Geography matters. O n the basis o f  an overwhelming num ber o f  thoroughly studied cases, 
which all link regional econom ic success to regionally em bedded innovative networks, it is not 
imaginative to suspect a structural connection between the regional environment and 
competitive strength. For policy officials and supporting consultancy firms this modern 
perspective on regional economic developm ent has also proved to be appealing (Martin and 
Sunley, 2003). Firstly, regional em beddedness in network relationships and institutional 
environments provides a counteracting force against foot-loose global investment decisions. 
Secondly, the policy measures, suggested by anecdotal case study material, give an appealing 
alternative to both generic investment subsidies and subsidies targeted at individual companies, 
which both came under great pressure from  the 1970s onwards. Thirdly, potential market 
failures addressed in m odels based on regional success stories are relatively cheap to tackle by, 
for instance, encouraging dialogue between related firms or the provision o f  collective 
marketing o f  an industrial specialism.
Given this popularity, it com es as no surprise that regional dimensions in innovation processes 
o f  com panies located in successful hot spot regions have served as a central basis for regional 
policy initiatives all over the world (Castells and Hall, 1994). The list o f  valleys, corridors and 
highways, all wanting to becom e the next Silicon Valley, is practically infinite. A part from  these 
‘clone valley’ initiatives, case studies o f  successful growth exam ples, such as those described in 
the preceding paragraph, are used as inspiration for regional economic policies aimed at the 
clustering o f  innovative activities, a trend stimulated by the O E C D  and the European 
Com m ission. O f  central importance is the focus on best practices, both in the theoretical basis 
on which regional innovation strategies are based, and in the policy arena o f  innovative actions 
through interregional transfer and coordination am ong regional policy officials. In recent years 
the O E C D  issued several publications on clusters and cluster policies (see for instance 
Roelandt and D en  H ertog, 1999; D en H ertog et al., 2001) aimed at exchanging past 
experiences. A lso, the European Com m ission propagates the use o f  best practices in the field 
o f  regional economic policy (Hassink and Lagendijk, 2001; H ospers, 2005). European policies 
prom ote awareness o f  the im pact o f  regional innovation strategies and interregional transfer o f  
knowledge on best policy practices and m ethodologies, for example by establishing 
communities o f  practice and platform s like the Innovating Regions in Europe (IRE) network.
1.2 R e se a rc h  aim
The goal o f  the research is to improve the insight into spatial dimensions in innovation 
processes, on the basis o f  a broader basis than just case descriptions o f  best practices in 
successful examples o f  regional growth wonders as input for policy initiative.
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D espite the popularity o f  successful role m odels o f  best practices, critical evaluations o f  policy 
practices reveal that the success o f  regional growth wonders, like Silicon Valley, has rarely been 
paralleled by imitative policy strategies. This situation can be seen as the cluster paradox o f  
spatial economic policy aimed at prom oting regional innovative capacity on the basis o f  best 
practices. Castells and Hall (1994) state in this respect:
Many regions in the industrialized and industrializing world have dreamed o f  
becom ing the next Silicon Valley and some o f  them went headlong into the 
business. A  hasty, hurried study by an opportunistic consultant was at hand to 
provide the magic form ula [...]. (Castells and Hall, 1994, pp. 7-8)
There is wide agreement that the unfounded copying o f  best practices in successful clusters is 
not a successful policy strategy. Martin and Sunley (2003, p. 26) state that successful clusters 
may well hold lessons for policy practices elsewhere. However, the idea that cluster blueprints 
can readily be implemented elsewhere in different local econom ic, social and institutional 
contexts is highly debatable. A ccording to H ospers (2005), this situation leads to the 
developm ent o f  regional policies with similar objectives, instruments and policy concepts:
In the European-wide innovation race m ost regions target similar activities. In 
their want to run each other close, nearly all public authorities support the 
developm ent o f  regional information-, bio- and nanotechnology clusters. All 
over Europe, it is tried to create ‘Silicon Som ewheres’, ranging from  Silicon 
Glen (Scotland), Silicon Seaside (Southern-Norway) to Silicon Polder (Holland) 
and Silicon Saxony (Sachsen). However, regional competitive advantage com es 
from  making a difference, and not from  doing the same things other regions 
already do. (H ospers, 2005, p. 337)
Regional social and cultural specificities act as a significant obstacle to successful 
implementation o f  best practices developed and applied elsewhere. In this sense, it is important 
to rem em ber that particularizing m odels based on regional success stories (so-called territorial 
innovation m odels, elaborated in Chapter 2) claim the structuring relevance o f  specific 
contextual factors, which interfere with the dem and o f  generalization in the positivist tradition 
o f  induction (McCann, 2007, p. 1213). Policy, however, needs a broader reflection, especially 
since evidence-based policy has becom e the norm  in m odern industrialized econom ies 
(McCann, 2007, p. 1211).
The ambition o f  this research project is to provide a broader reflection on spatial dimensions 
in innovation processes than the minority o f  role m odels o f  best practices often referred to in 
the literature. Therefore, the goal o f  the research is to improve the insight into spatial 
dimensions in innovation processes on a broader basis than just case descriptions o f  best 
practices in successful exam ples o f  regional growth wonders as an input for policy initiatives.
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1.3 O u tlin e
In Chapter 2 the literature in economic geography on theories o f  regional dimensions o f  
innovation is summarized and evaluated, under the heading o f  territorial innovation m odels. In 
Section 2.4 the assertion is made that these territorial innovation m odels need a 
complementary approach to arrive at a broader insight into the spatial organization o f  
innovation. Although m ore generic approaches, such as the strongly empirically oriented 
geography o f  innovation school, based on agglomeration econom ics, have been developed, in 
these approaches m echanism s o f  interaction and spillover are reduced to a black box. These 
approaches fail to understand the micro-econom ic sources o f  competitive advantage.
In Chapter 3 theories on industrial organization (transaction cost theory and the competence 
based approach) are presented as a complementary approach to both  territorial innovation 
m odels and the geography o f  innovation. The claim in Chapter 3 is that a theory o f  spatial 
industrial organization, combining spatial interpretations o f  transaction cost theory and the 
com petence-based approach at an individual firm level, could offer perspectives 
complementary to insights developed on the basis o f  both  territorial innovation m odels and 
the geography o f  innovation strand. It is argued, based on the widely known contributions o f  
the Californian school o f  econom ic geography, that a positive relation exists between 
transaction costs and distance. A lso, based on spatial interpretations o f  theoretical 
achievements in the com petence-based approach, it is argued that in explorative collaborative 
innovation processes network linkages are established and maintained at a wider distance than 
network linkages in exploitative innovation processes. These two spatial determinants in the 
industrial organization o f  innovation are presented as central aspects o f  what can be seen as a 
first theoretical step towards a theory o f  spatial industrial organization.
The m ethodological path to attain a broader basis as the input for regional innovative actions is 
taken in Chapter 4. This chapter is organized based on a confrontation between theoretical 
considerations, m ethodological considerations on issues like unit o f  analysis, operationalization 
o f  theoretical concepts and validity issues, past empirical research endeavours and data 
availability. In Chapter 4 the choice is made to assess the research aim through a quantitative 
design, based on secondary data material. In Section 4.4 a critical review o f  empirical research 
efforts in Europe and the Netherlands is reported. Here, it is concluded that empirical efforts 
in the regional science tradition leave room  for improvement, in the sense that these studies 
predominantly focus on traditional indicators o f  knowledge accumulation in terms o f  R & D  
(research and development) and patent activities. Additionally, the conclusion is drawn that 
micro-econom ic research endeavours in economic geography do not assess explicitly the 
central spatial dimensions o f  innovation, as set out by the theoretical arguments o f  spatial 
industrial organization, elaborated earlier in Chapter 3. O n the basis o f  these research 
opportunities, the analytical design is elaborated in Section 4.5. The chapter concludes with an 
overview o f  the hypotheses which serve as central guidance for the empirical analyses in 
Chapter 5 and 6.
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In Chapter 5 an empirical analysis on European knowledge regions is carried out within the 
framework o f  the regional knowledge production function. Regional competitive advantage, 
m easured in terms o f  labour productivity, is linked to different dimensions o f  the knowledge 
economy. Through spatial econometric techniques, the connection between different 
dimensions o f  the knowledge economy and regional competitive advantage is corrected for 
spatial autocorrelation. Although the analyses show the relevance o f  spatial spillovers, the exact 
nature o f  spillover mechanisms is not addressed in the research framework based on regional 
aggregate figures. Therefore, in Chapter 6, an alternative research design is presented which 
focuses on the micro-level o f  the individual innovating firm.
Chapter 6 contains an analysis o f  the main theoretical arguments in the framework o f  the 
spatial industrial organization o f  innovation on the basis o f  micro-level firm data derived from  
the Community Innovation Survey held in the Netherlands and encom passing the period from  
1996 to 1998. The spatially structuring theoretical arguments elaborated in Chapter 3 are 
empirically assessed. The main theoretical proposition o f  the framework o f spatial industrial 
organization, the positive connection between transaction costs and distance and differences in 
the spatial scope o f  partnership between firms engaged in explorative and exploitative 
innovation processes, are empirically confirmed. Additionally, central aspects in the spatial 
industrial organization framework are modelled to assess the im pact o f  spatial determinants in 
innovation processes on market position.
Finally, a summary o f  the main conclusions and policy advisements is given in Chapter 7. 
Apart from  a comprehensive elaboration on the m ost important outcom es and conclusions, 
recom mendations on regional innovation policies are summarized, specifically referring to 
responsibilities o f  the national government in the case o f  the Netherlands.
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2 Territorial innovation models
2.1 In trod u ction
In the first chapter an introduction was given on regional dimensions in innovation processes. 
Tw o case studies o f  successful regional development, the cases o f  Silicon Valley and Emilia- 
Rom agna, were presented and evaluated in the context o f  regional econom ic policy initiatives 
aimed at boosting innovation. In this chapter, the experiences in case studies are incorporated 
in m odels o f  regional development. The following quote from  Castells and Hall (1994) is 
exemplary:
Is there a Silicon Valley m odel? Yes there is. N ot in the sense o f  a general 
form ula that could and should be replicated in any other context, regardless o f  
the economic, technological, geographic, or institutional characteristics o f  each 
region. But there is a m odel in the sense that we can identify [...] the elements 
that underlay the form ation o f  a leading technological milieu, as well as the 
form s o f  their combination and sequence o f  their development. (Castells and 
Hall, 1994, p. 27)
D uring the 1980s and 1990s, several m odels, not just one, em erged to explain the success o f  
regional growth wonders like Silicon Valley and Em ilia-Romagna. This chapter reflects on this 
strand o f  m odels. In this chapter this reflection is limited to a short summary o f  theoretical 
approaches on regional economic development, that adhere to the success o f  the cases 
described in the previous chapter. Additionally, in Section 2.3 an evaluation is given, geared to 
the question whether these m odels suit the need for a broader theoretical basis for regional 
economic policy initiatives. For more extensive contributions, interested readers are referred to 
Storper (1995), Moulaert and Sekia (2003) and Oerlemans et al. (2007).
In the past twenty years, important theoretical advances have been made in the intertwining 
fields o f  regional developm ent and innovation studies. From  the late 1970s onwards, a large 
num ber o f  concepts and theories emerged, which focus on endogenous local and regional 
developm ent potential as an alternative to regional economic policy initiatives form ulated at 
national levels. The m ost striking com m on feature o f  these theoretical contributions, ranging 
from  industrial districts, innovative milieux and new industrial spaces to regional innovation 
systems, is the focus on the regional level as structuring level o f  contem porary economic 
dynamics. M oreover, the region can be seen as a fundamental basis o f  economic and social life 
in contem porary capitalism (Storper, 1995, p.191). The rise o f  these ideas and concepts is 
therefore also labelled new regionalism (Lovering, 1999). N ew  regionalism com prises o f  a 
range o f  theoretical concepts and m odels em phasizing regional dimensions in innovative and 
competitive strength. In both the theoretical, the empirical and the policy impact, two schools
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o f  research stand out: territorial innovation m odels (Moulaert and Sekia, 2003), that depart 
from  the region as fundamental economic unit in econom ic accumulation and the cluster 
concept (Porter, 1998), which is fram ed in notions o f  business strategy2.
In Section 2.2 a short overview is given on theoretical contributions within the territorial 
innovation m odels strand, thereby including Michael Porter’s (1998) cluster concept. Section
2.2 takes a historical perspective and is strongly based on territorial innovation contributions 
that were introduced in the 1980s and 1990s. In Section 2.3, based on a literature review, the 
main critical evaluative points referring to the arguments in Section 2.2 are presented. In this 
section attention is also paid to more recent developments in territorial innovation m odels, 
which address these critical observations. In Section 2.4, theoretical findings are shortly 
summarized and conclusions are drawn in light o f  the research aim in Section 1.2.
2.2 O verview
Territorial innovation m odels are influenced by a mixture o f  statements from  different 
theoretical schools. Im portant influences range from  agglomeration econom ics, industrial 
organization, regulation theory, to evolutionary and institutional economics. Although the use 
o f  these theoretical inputs differs between different territorial innovation m odels, certain 
com m on features can be distinguished. The regulationist regime o f  flexible specialisation (Piore 
and Sabel, 1984) implies a business strategy o f  permanent innovation. In flexible production 
systems, vertical disintegration prom otes spatial agglomeration, as specialised producers 
achieve returns to scale through an external division o f  labour, locating in proximity from  each 
other to reduce the transaction costs o f  unstandardized and unstable exchanges (Scott, 1988b). 
Territorial innovation m odels stress the socio-cultural em beddedness o f  business networks 
(Granovetter, 1985). Econom ic activity is a social phenom enon strongly influenced by 
regionally specific habits, conventions and norms. Im portant strands within territorial 
innovation m odels include the school o f  industrial districts, the G R E M I school which focuses 
on innovative milieux, the Californian school on new industrial spaces and more integrative 
approaches like regional innovation systems and the learning region.
Already in the nineteenth century, the neoclassical econom ist Marshall (1920) explained the 
division o f  labour across different localities by synergies which firms can derive from  their 
specialized regional production environment. Firms located in the same manufacturing town 
or industrial district share a com m on knowledge base as i f  it is ‘in the air’. Firms located in 
close proximity to each other share important econom ies o f  scale and scope through the use o f
2 In the literature different taxonom ies and classifications o f  new regionalism  m odels exist (see, for  
exam ple, Storper, 1995; Lagendijk, 1997; M oulaert and Sekia, 2003; O erlem ans et al., 2007). H ere, 
different notions within territorial innovation m odels and the cluster concept are addressed under the 
sam e heading o f  territorial innovation m odels.
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specialized manufacturing equipment and a local market for special skills. From  a regulationist 
perspective, these, originally neoclassical ideas, served as a basis to explain the economic 
success o f  the so-called Third Italy, com prising the regions o f  Em ilia-Rom agna and Tuscany. 
Typical industrial districts harbour entrepreneurs leading small and medium-sized firms, 
supporting institutions as market consortia and real services providing information on market 
access, funding opportunities and technological developments (Brusco, 1992). The original 
building blocks o f  industrial districts are social ties and heterarchies, beliefs about the value o f  
collective goods and trustworthiness o f  other rather than market-based initiatives (Lorenz, 
1992). Although Marshall (1920), in his original publication, already refers to the importance o f  
social values3, the district concept based on the Italian examples is distinguished from  its 
predecessor by the central importance o f  social em beddedness, instead o f  more classical 
notions o f  econom ies o f  scale and scope.
The concept o f  innovative milieu differs from  contributions on the industrial district in its 
explicit focus on innovative activities. O f  primary interest is the growth o f  successful high­
technology regions (Aydalot and Keeble, 1988). The essential link between corporate 
innovation and spatial developm ent is a reduction o f  the uncertainty facing small firms during 
the incubation phase o f  innovative com panies (Lawson, 1997). This reduction takes place 
through collective information gathering, learning and decision coordination through informal 
discussion, labour market and managerial mobility and interpersonal linkages, families, clubs 
and associations. Because o f  the tacit nature o f  the knowledge accumulated in regional 
networks, the ability to innovate is not easily copied by outsiders (Camagni, 1991).
The core theme o f  the Californian school o f  external econom ies concerns the implication o f  
vertical disintegration and the spatial organization o f  production (Scott and Storper, 1987; 
1992). The central argument is rooted in flexibility in the division o f  labour in production 
through businesses’ focus on their core com petences, and linked that to agglomeration 
through the concept o f  transaction costs associated with the coordination o f  inter-firm 
network relations. In production systems characterized by flexible specialization (Piore and 
Sabel, 1984), inter-firm transactions gain in importance and transactions are more frequent, 
less predictable and more complex. Since geographical distance raises transaction costs, 
agglomeration o f  innovative activities is the result.
The last decade has seen a rise o f  more integrative approaches, such as the learning region and 
the concept o f  regional innovation systems. The concept o f  regional innovation systems is 
rooted in the broad array o f  literature on systems o f  innovation (Saviotti, 1997), which bases
3 In the context o f  econom ies o f  scale and scope in labour m arkets, M arshall (1920, p. 226) states that 
“ social forces here cooperate with econom ic: there are often  strong friendships betw een em ployers and  
em ployed; neither side likes to feel that in case o f  any disagreeable incident happening betw een them , 
they m ust go  on rubbing against one another. B oth  sides like to be able easily to break o f f  old  
associations should they becom e irksom e” .
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itself on an evolutionary view on economic developm ent in which technological development 
is cumulative, interactive and institutionally em bedded (see also Section 1.1). In systems o f  
innovation contributions, institutional settings are described and connected to innovation 
perform ances in national settings (Lundvall, 1992) and sectoral contexts (Mowery and Nelson, 
1999; Malerba, 2002).
Figure 2.1 Regional innovation systems
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As Lagendijk (1997) states, geographers have only selectively tapped into innovation systems 
thinking. Geographical contributions based on system thinking, o f  which the schools o f  
regional innovation systems (Cooke et al., 1997; Braczyk et al., 1998) and learning regions 
(Florida, 1995; Morgan, 1997: Boekem a et al., 2000) are m ost prominent, mainly draw from  
three ideas, namely that there is a systematic dimension in innovation and learning, that 
innovation takes shape through interaction, both between firms connected in user-producer 
relations and between knowledge institutions and producer firms, and that learning and
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innovation are strongly influenced by institutional and cultural factors. Studies in the school o f  
regional innovation system are generally more integrative in character than their predecessors 
within the family o f  territorial innovation m odels (Lagendijk, 1997). A ccording to Cooke 
(2004, p. 5), a regional innovation system consists o f  interacting knowledge generation and 
exploitation subsystem s linked to global, national and other regional systems for 
commercialising knowledge (see Figure 2.1 for a graphic representation). In general, regional 
innovation systems are conceived as ‘reduced’ versions o f  national systems, with their own 
dynamics, rather than subsystem s or specific manifestations o f  larger systems (Lagendijk, 1997, 
p. 22).
The concept o f  clusters is derived from  Porter’s (1990) diam ond model. A  cluster is a 
geographically proximate group o f  interconnected companies and associated institutions in a 
particular field (Porter, 1998, p. 78). Tw o aspects o f  the regional production environment are 
o f  crucial importance in gaining innovative strength (Porter, 2000). Firstly, the division o f  
labour within regional concentrations o f  innovative activities provides complementarities with 
other firms, which leads to econom ies o f  scale and scope in production networks o f  
intermediate deliveries and supplies. Facilitated by ongoing relationships with other cluster 
entities, the ease o f  site visits and frequent face-to-face contacts, firms em bedded in clusters 
perceive new technological opportunities and changing buyer needs relatively early, com pared 
to their more isolated counterparts. Secondly, proximity to other innovative com panies 
provides innovating firms with indirect synergies, commonalities, through better access to 
employees, specialized information, research infrastructure and other facilities. A ccording to 
Porter (1998, p. 81) ‘a cluster allows each m em ber to benefit as if  it had greater scale or as if  it 
had joined with others formally — without requirements to sacrifice its flexibility’. The 
geographic scope o f  a cluster can range from  a single city or state to a country or even a group 
o f  neighbouring countries (Enright, 1993).
Departing from  different starting positions, territorial innovation m odels have showed a 
remarkable convergence in integrating each other’s arguments (Storper, 1995). For instance, 
during the 1990s, under the influence o f  social institutional approaches in territorial 
innovation, the focus o f  the Californian school o f  new industrial spaces shifted from  market 
transactions to untraded interdependencies, thereby acknowledging the role o f  institutional and 
cultural factors, which do not necessarily reveal themselves entirely through market forces. 
Territorial innovation m odels give an outline o f  a world that is spatially bifurcated (Dicken et 
al., 2001, p. 90). A s Lagendijk (2002, p. 78) states, territorial innovation m odels claim a 
geographical distinction in types o f  interaction. Within the region there are processes o f  
collective learning and the growth o f  associational structures on the basis o f  untraded 
interdependencies. Coordination occurs through trust, reciprocity and long-term strategic 
agreements, uphold by regionally em bedded structures. Outside the region is the global 
marketplace, driven by shortening product life cycles to which regional clusters have to 
respond. Here, coordination is based on traditional market institutions and interaction is largely 
based on classical arm’s length coordination. In territorial innovation m odels this spatial
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distinction is based on a spatial differentiation in types o f  knowledge accumulation (Malmberg 
and Maskell, 1997; Maskell and M almberg, 1999).
Based on a combination o f  classical Weberian location theory and Polanyi’s framework on 
social dimensions o f  learning, territorial innovation m odels place space at the heart o f  
economic theory. In summary, the line o f  the argument is as follows. In traditional Weberian 
location theory, there is a distinction between factors o f  production for which the costs differ 
significantly between locations, on the one hand, and production inputs which are in practice 
available everywhere at more or less the same costs (so-called ubiquities) on the other hand. By 
definition, on the basis o f  ubiquities alone, location advantages cannot be obtained. In today’s 
learning economy, location advantages basically rest on localized learning capabilities based on 
tacit knowledge (M almberg and Maskell, 1999, p. 11). The notion o f  tacit knowledge is derived 
from  the seminal work o f  Michael Polanyi (1966) who argues a distinction between tacit and 
codified knowledge. Tacit knowledge is em bodied in people through learning by doing. Either 
because this knowledge is imperfectly accessible to conscious thought (Nelson and Winter, 
1982, p. 79), or because o f  communication difficulties due to inadequacies o f  language, the 
best way to convey tacit knowledge is through demonstration and practice, as is the case in the 
classic master-apprentice relation in which observation, correction and repetition are employed 
in the learning process (Gertler, 2003, p. 78). N ew  knowledge mostly appears in an exclusively 
tacit form  in the sense that individuals becom e aware o f  new possibilities or hidden 
relationships in a specific context. Over time, many pieces o f  tacit knowledge gradually becom e 
more codified, unintentionally and because o f  deliberate action. In contrast to tacit knowledge, 
codified form s o f  knowledge can be communicated by symbols and language and are relatively 
easy to share4. In the W eberian framework codified form s o f  knowledge are placed on par with 
ubiquities. Location advantage rests solely on tacit com ponents o f  knowledge. Innovation is 
the result o f  an interlinked and interactive process o f  knowledge creation and subsequent 
codification. A t this point territorial innovation m odels bring the spatial dimension. Malmberg 
and Maskell (1997) argue:
[...] the more tacit the knowledge involved, the m ore important is spatial 
proximity between the actors taking part in the exchange. The proximity 
argument is two-fold. First, it is related to the time-geography o f  individuals. 
Everything else being equal, interactive collaboration will be less costly and 
sm oother, the shorter the physical distance between the participants. The second 
dimension is related to proximity, or affinity, in a social and cultural sense. T o  
communicate tacit knowledge normally requires a high degree o f  mutual trust 
and understanding, which in turn is related to language, but also to shared values 
and culture. (Malmberg and Maskell, 1997, p. 29)
4 O ne m ust how ever bear in m ind that the use o f  codified know ledge is still dependent on the stock o f  
tacit know ledge em bodied in the receiver (see also Cohen and Levinthal, 1990).
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In territorial innovation m odels the em phasis lies strongly on the second aspect o f  proximity. 
Territorial innovation m odels place social, cultural and institutional aspects o f  space at the 
heart o f  economic developm ent through concepts such as em beddedness, institutional 
thickness, untraded interdependencies; worlds o f  production and collective learning (see 
Lagendijk, 2006, pp. 390-392 for an extensive overview). Agency, action, interaction, 
communication and reflexivity, when set in a wider social-cultural context, make a fundamental 
difference to regional developm ent trajectories. Institutional thickness (Amin and Thrift, 1994, 
pp. 14-15) refers to the presence o f  a variety o f  economically active public, semi-public and 
private organizations engaged in strategy formation. This requires a strong and broad 
institutional presence, a high degree o f  interaction am ong local institutions, an ensuing 
emergence o f  progressive power structures and form s o f  collective representation and 
awareness am ong participants that they are involved in a com m on enterprise. In the m ost 
favourable circumstances, the outcom e o f  institutional thickness is a sustained process o f  
regional economic developm ent based on innovation. Through collective networking and 
strategy form ation regions manage to nurture diffused entrepreneurship supporting collective 
learning. The concept o f  collective learning has to be differentiated from  learning on the basis 
o f  bilateral cooperation because it refers to cumulative learning processes that take place over 
time am ong a community o f  firms in a locality. A s such, knowledge can be seen as a club good, 
em bedded in particular groups and networks (Capello, 1999). The image o f  the region in such 
associational views on regional development (Cooke and M organ, 1998) is that o f  conscious, 
coalition-based strategic action to improve its global economic position. Such coalitions are 
built on conventions, core interpretative reference points in economic coordination (Storper 
and Salais, 1997, p. 16). Conventions underlying innovative performance are highly specific at 
places where learning worlds o f  production are concentrated. Regional worlds o f  production 
can be seen as a set o f  points o f  reference defined by convention, which acts as a framework 
for collective learning. In this pallet o f  regional worlds o f  production, knowledge does not 
diffuse freely across geographical space.
Because knowledge is, to a large degree, immobile in space and because cultural and 
institutional factors, as m ediators o f  regional economic development, are relatively stable, in 
territorial innovation m odels a sustained distinction between core and periphery still holds. 
M oreover, core-periphery patterns are, in theory, further accentuated, given the fact that the 
large num ber o f  R & D  activities in centres is linked to a higher propensity to innovate or to 
adopt innovations (Vence et al., 2000). A s Lagendijk (2006, p. 389) argues, the transition from  
initial growth to stabilization is crucial. Where initially upcom ing industrial trajectories can 
offer an open window o f  locational opportunity for regions to catch on (Boschm a, 1996), 
further developments are generally restricted to first m over regions. It is this window o f  
locational opportunity which explains the fact that so many economic policies, at both  an 
(inter)national and a regional level, adhere to the same breakthrough technologies (H ospers,
2005).
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In m ost accounts, territorial innovation m odels are characterized by increased tendencies 
towards sectoral specialization (M almberg and Maskell, 1997). The importance o f  ‘being there’, 
in the form  o f  geographical proximity to related firms and industries, is likely to be 
strengthened because o f  the need to access sector or cluster specific tacit knowledge in 
learning trajectories (M acKinnon et al., 2002, p. 301). Various contributions, however, discuss 
the degree to which tacit knowledge and collective learning processes are specific (see Van 
O ort, 2002a for a comprehensive summary on the debate). A  distinction is often made 
between localization and urbanization econom ies, the form er relating to cluster specific 
external econom ies (so-called M arshall-Arrow-Romer (MAR) externalities), the latter to 
advantages available to a broad range o f  (not necessarily related) firms located in urbanized 
areas (so-called Jacob s externalities). A part from  external econom ies o f  scale, the diverse 
industry mix within an agglomeration can be a source o f  creative and sometimes unexpected 
(or serendipitous) knowledge resources (Jacobs, 1969). A  relative recent contribution is the 
notion o f  related variety, which relates external advantages to the level o f  dissimilar, but still 
related activities (Asheim et al., 2007; Frenken et al., 2007).
Regional competitive advantages in high-cost countries can be obtained in two ways. In the 
knowledge economy, firms in high-cost areas m ust either shield valuable pieces o f  knowledge 
from  becom ing globally accessible, or be able to create, acquire, accumulate and utilize 
codifiable tacit knowledge faster than their com petitors in low-cost countries (Maskell and 
Malmberg, 1999, p. 16). In practice, effective regional innovation strategies based on territorial 
innovation m odels will try to incorporate both elements o f  local buzz and global pipelines in 
their perspective (Bathelt et al., 2004). A s we have seen in the historical overview in this 
section, territorial innovation m odels emphasize the first perspective.
The spatial bifurcation line o f  thinking in territorial innovation m odels provides an appealing 
alternative to the death o f  geography thesis (Ohmae, 1990). With the advent o f  information 
and communication technologies, advancements in transport and political developm ents, it is 
often assum ed that space-time relations have been so radically com pressed that it is possible to 
completely annihilate space with time (Morgan, 2004, p. 4). Inform ation and communication 
technology offers potential for tradability o f  services as production and consum ption can be 
separated in time and space (Cairncross, 1997). The distinction between codified and tacit 
knowledge in territorial innovation m odels provides an argument for a revival o f  the region as 
a cultural and institutional constructed arena for interaction and collaboration on which 
learning synergies in the innovation process are built.
T o  conclude the overview in this section, the answer to the question whether there is a Silicon 
Valley model is convincingly affirmative. N ot only can this question be confirmed, a short 
overview o f  the literature on new regionalism learns that there are in fact a num ber o f  strongly 
interrelated m odels, in this section referred to as Moulaert and Sekia’s (2003) territorial 
innovation m odels. Especially since various strands in territorial innovation m odels have 
mutually influenced each other, the similarities between these m odels are striking, even to the
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extent that differences attribute mainly to details, historic origins and developm ent paths. In 
essence territorial innovation m odels rely on a so-called bifurcation o f  space o f  differing 
worlds inside and outside the region.
In sum, best practices find a broader theoretical base than just a few case study descriptions. 
T o  what extent this theoretical basis is useful as input for regional innovation strategies is, 
however, another question. The answer to this question depends initially on the results o f  a 
critical evaluation o f  territorial innovation m odels, an exercise reported in the next section.
2.3 E v a lu a tio n
2.3.1 Introduction
In the past decennia, territorial innovation m odels received enorm ous attention both as 
endogenous growth m odels for regional developm ent and as practical guidelines for policy 
intervention (see, for example, Martin and Sunley, 2003; D e Bruijn and Lagendijk, 2005; 
Hassink, 2007). A s they are at the heart o f  the debate on regional developm ent and innovation 
studies, it is n ot surprising they are subject to criticism as well. This section focuses on 
observations in the growing body o f  literature dealing with a critical evaluation o f  territorial 
innovation m odels with reference to the arguments reported in the previous section5. A  review 
o f  the literature shows three basic categories o f  critical observations. The first point made in 
the literature concerns specificities and contingencies. In relation to specificities, evaluations 
critically engage the alm ost exclusive focus on successful exam ples o f  regional hot spots for 
innovation as empirical basis in territorial innovation models. This issue is closely related to the 
extent to, and ways in which, contingencies as structuring contexts for regional innovation are 
assessed in theoretical contributions. The second point o f  criticism focuses on the conception 
o f  space. This second argument is two-fold. Firstly, it concerns a one-sided conception o f  
space in theoretical arguments in which geometrical proximity is placed on par with other 
form s o f  proximity. Secondly, it focuses on the issue o f  scale, in the sense that, in contrast to 
intraregional linkages, interregional network links often play an underestimated role in m ost 
contributions. The third critical evaluative point made in the literature, is that territorial 
innovation m odels do not integrate business economic decisions at the micro level o f  the 
individual innovating firm sufficiently in their underlying arguments. Apart from  classical costs 
and benefits considerations, critics often refer to pow er asymmetries in (innovation) networks 
which often play a ham pering or even a preventive role in collective learning processes.
Critical observations on territorial innovation m odels have not fallen on deaf ears in the 
territorial innovation scientific community. Therefore, apart from  the main critical
5 F o r  com prehensive reviews which encom pass a broad  range o f  several strands within the group  
territorial innovation m odels, see, for instance, Lovering (1999), M acK inn on  et al. (2002), M oulaert and  
Sekia (2003), Sim m ie (2005).
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observations, insight is also provided in recent contributions which take the critical 
perspectives noted above into account. In the context o f  specificities and contingencies, 
specifically contributions within the geography o f  innovation school (Feldman, 1999) prove to 
be complementary to territorial innovation m odel contributions, and in the context o f  the 
conception o f  space, specifically the buzz-and-pipeline cluster m odel (Bathelt et al., 2004), 
takes into account extraregional linkages beyond the in-here out-there dichotomy in bifurcated 
conceptions o f  space.
2.3.2 Specificity and contingency
For the m ost part, empirical work on the flexible specialization thesis has been confined to 
particular industries and to particular territories (Markusen, 1998, p. 874). A s Simmie (2005, p. 
793) argues about the literature on industrial districts, empirically investigated exam ples are 
limited in num ber and have often been shown to be com posed o f  firms in older crafts, creative 
or design industries that never have been large and therefore have usually not been subject to 
vertical disintegration. M ost o f  the m odels place economic interaction in a unique historical 
and spatial context, which precludes generalization (Zeitlin, 1992). In the words o f  Staber 
(1996), places are selected as case studies based on the dependent variable, in the sense that 
m odels are built only on case studies o f  successful agglomerations o f  innovative activity. 
However, since the 1990s, the territorial innovation m odel framework has been extensively 
applied, n ot only to successful cases, but also, and recently perhaps predominantly, to less- 
favoured regions and catch-up areas (Morgan and Nauwelaers, 2003). Still, the results o f  more 
broadly designed surveys often give findings that are contrary to the arguments stated in 
territorial innovation m odels (Markusen, 1998)6. Another potential fallacy is concerned with 
institutional em beddedness. The literature on territorial innovation systems places great 
emphasis on institutional thickness as a m ediator in cooperative patterns in successful 
examples o f  regional developm ent driven by innovation. However, as evidenced by peripheral 
regions with dense institutional networks and yet relatively stagnant econom ies, institutional 
thickness is not a sufficient condition for regional success. M oreover, the necessity o f  
institutional thickness can also be questioned, given the num ber o f  examples o f  economically 
successful regions with a relatively 'thin' institutional background (Coe et al., 2003, p. 10). A lso, 
as Grabher (1993a) convincingly argues, the same institutional practices which can serve as a 
catalysing factor for cooperation and innovation, can hold back  innovation in subsequent 
stages o f  technological development, a situation generally known as lock-in. In time, the 
internal dynamics in local econom ic systems can induce a transform ation ‘from  ties that bind 
to ties that blind’ (Grabher, 1993b, p. 24). In this context, Ernste (2003) classifies the ability to 
‘unlearn’ as an im portant prerequisite for sustained regional competitive advantage.
6 See also Section 4.3 on p ast research endeavours which assess regional dim ensions o f  innovation from  a 
quantitative design.
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The strongly empirically oriented geography o f  innovation (Feldman, 1994) strand within 
economic geography takes a more generic approach7. In both territorial innovation m odels and 
in the geography o f  innovation literature, knowledge is regarded as a local good, to be retained 
by co-located economic agents, which share collective learning processes, to the exclusion o f  
distant ones (Breschi and Lissoni, 2001). Theoretically, it is em bedded in endogenous growth 
m odels, specifically its spatial interpretations in terms o f  the spatial diffusion o f  knowledge. 
Studies are built on broad populations based on which, with a top-down approach, the 
existence o f  regional knowledge spillovers is tested. The central hypothesis concerns the role 
o f  distance in knowledge diffusion. This hypothesis is empirically assessed through patent 
analysis in the sense that patent citations provide a ‘paper trail’ o f  knowledge spillovers (see, 
for instance, Ja ffe  et al., 1993). Another m ethod o f  analysis concerns surveys on sources o f  
knowledge and impact o f  external sources o f  knowledge on the production function o f  the 
firm (see, for instance, Anselin et al., 1997). In the majority o f  studies the results confirm that 
spatially confined knowledge spillovers are an important empirical phenom enon with a 
significant effect on econom ic performance (D öring and Schnellenbach, 2006, p. 383). 
However, important questions remain about the spatial range o f  knowledge spillovers, 
especially since the majority o f  studies refuses to quantify the range at all (Döring and 
Schnellenbach, 2006, p. 384). Strongly related, more generically designed theoretical 
contributions concern agglomeration theory and filtering down theory, which both focus on 
the spatial distribution o f  econom ic activities in the context o f  change (for a short 
characterization o f  both approaches, see Box 2.1).
Box 2.1 Agglomeration theory and filter-down theory
A gglom eration theory and filtering dow n theory are primarily concerned with urban developm ent 
and the advantages o f  being situated in the urban environment.
D evelopm en t is a process o f  continuously im proving in a context that m akes 
injecting im provisations feasible. Cities create that context. N oth in g else does.
(Jacobs, 1984, p. 155)
Agglomeration theory
The foundations o f  agglom eration theory are strongly em bedded in econom ics. A ccording to 
Lam booy  (1998, p. 9) the basic elem ents are already present in Sm ith’ s W ealth o f  N ation s, in the 
sense that increased productivity is restricted to certain m arket places. A lfred W eber (1929) 
introduced the concept o f  agglom eration econom ies. A gglom eration econom ies relate to external 
econom ies o f  scale and scope and concern those econom ies that a firm  can benefit by being  
located  in the vicinity o f  other firm s (M alm berg et al., 2000). H o o v er (1948) m akes the follow ing  
classification:
7 See A udretsch  (1998), Feldm an (1999) and D ö rin g  and Schnellenbach (2006) for com prehensive  
reviews.
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1. Increasing returns to scale m ay occur due to production  co st efficiencies by serving large 
m arkets. It is im portant to note that there is nothing inherently spatial to this concept, 
other than that the location  o f  a single large firm in space im plies a large concentration o f  
factor em ploym ent (Van O ort, 2002a, pp. 44-45).
2. W hether due to the size o f  a single firm , or the conurbation o f  a large num ber o f  smaller 
firm s, the regional environm ent can offer specific advantages to firm s in specific industries. 
T hese econom ies, labelled localisation econom ies, relate to the contribution o f  M arshall 
(1920) elaborated in the previous chapter.
3. External econom ies can also relate to urbanisation advantages (Jacobs, 1969), which are 
available to all firm s irrespective o f  sector. Scale and variety o f  econom ic activity in 
agglom erations dynamically foster productivity grow th based  on innovation.
External econom ies o f  scale and scope are highly intertwined. With an increasing scale, 
agglom erations provide a wide range o f  potential partners and nodes that provide access to both  
intra- and extraregional networks (G ordon  and M cCann, 2000). The notion o f  increasing returns 
is spatially em bodied in econom ics by the concept o f  agglom eration econom ies which is, to 
quote B osch m a and L am booy  (1999), basically about the dynamic and cumulative advantages o f  
spatial proximity. Localisation  econom ies provide im portant advantages to ‘club m em bers’ but 
also have the inherent danger o f  lock-in. U rbanization econom ies n ot only give access to static 
efficiency advantages bu t also provide potential fo r interaction with related, bu t n ot necessarily  
similar business activities which m ight prove necessary to avoid an inward oriented tunnel vision  
in learning trajectories (see Chapter 3 for a m ore detailed account on collective learning 
processes).
Filter-down theory
The spatial im plications o f  product life cycle theory were already explored in the late 1960s. 
V ernon (1966; 1979) places the organization o f  industry in an international perspective. Closely  
related to the industrial life cycle is the filter-down hypothesis (Thom pson, 1968) which states 
that the phase in the product life cycle determines the location  o f  econom ic activity. In  early 
stages, products and m arkets change in an unpredictable m anner and the entrepreneurial risk is 
high. The diversity o f  urban labour pools, the structure o f  real estate m arkets, capital services and 
(intermediate) product m arkets foster the nursery school function o f  cities (Van O ort, 2002a, p. 
68). Small- and m edium -sized com panies find it advantageous to locate initially in a high density, 
central location  within the city (H oover and V ernon, 1962; Leone and Struyk, 1976). In  later 
stages, industries concentrate on well-established products, and, using standardized production  
p rocesses, are less dependent on face-to-face contacts and highly qualified labour. Th e initial 
advantages o f  the urban agglom eration now  becom e disadvantages. G row th is difficult to be  
realized in-situ and lim ited accessibility and congestion  prevent efficient physical m ovem ent. 
H ence, the urban environm ent can be seen as an incubator zone for its wider environment. 
H ow ever, spatial heterogeneity cannot be seen as a stylized fact (Pred, 1977). Especially  in 
densely populated countries, the effects o f  agglom eration econom ies m ay n ot be lim ited  
exclusively to specific urbanized regions. In  this sense, the urban field can be seen as the spatial 
counterpart o f  the term  ‘foo tloose ’ (Wever, 1987)1.
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A  m ajor criticism  o f  agglom eration econom ics and the filtering dow n hypothesis is that 
m echanism s o f  interaction and spillover are reduced to a black box. A ccording to proponen ts o f  
the particularizing tradition within econom ic geography, agglom eration theory fails to understand  
the real sources o f  com petitive advantage which are contingent to specific contextual factors. A s 
elaborated earlier, according to the m ain proponen ts o f  this criticism, these lie in local and 
regional social, cultural and institutional arrangem ents (Am in and Thrift, 1995; Thrift and O lds, 
1996; Barnes and Gertler, 1999).
i This interpretation o f  the urban field concept is typical for applications to the D u tch  case 
(M anshanden, 1996, p. 48). Originally the concept was introduced by Friedm an and Miller (1965) 
who focu sed  on interdependencies within a wide area (approxim ately 100 miles) around urban  
centers in the United States.
The issue o f  specificity is strongly related to the em phasis o f  what Crevoisier (1999) terms the 
particularizing tradition in territorial innovation models. In reaction to so-called structuralist- 
organizational perspectives within territorial innovation m odels, notably the Californian school 
o f  external econom ies (Storper and Walker, 1989) and the flexible specialization school on the 
second industrial divide (Piore and Sabel, 1984), particularizing approaches emphasize that the 
role o f  institutions cannot be read from  larger structures or processes (new form s o f  capitalist 
accumulation characterized by flexible specialization in the context o f  intensifying international 
competition, shortening product life cycles through radical changes in technology and 
marketing. In contrast, according to particularizing approaches, regional economic 
developm ent m ust be understood within the context o f  place- and time-specific socio­
economic developm ent (Crevoisier, 1999; Lagendijk, 2006; McCann, 2007). H om ogenizing 
ideas remain too grand and schematic and lacking in sensitivity to differences in place and 
time, between (specific) regions, transactions, networks and agents (Amin and Thrift, 1995). In 
bottom -up approaches, as for instance the social-institutionally inspired branch on innovative 
milieux within the territorial innovation tree, more attention to regional specificities and 
contingencies is advocated. However, particularizing approaches have the danger that broader 
contexts and contingencies are left out o f  the picture (see also the next section on conceptions 
o f  space). M oreover, the question whether the specific circumstances under consideration can 
be interpreted as m odels o f  generally applicable theories, the question o f  generalization, is 
neglected in many instances (Dicken et al., 2001, p. 91). O n the basis o f  a population that is 
narrowed down to those cases that inhibit the specific coincidental circumstances that foster 
regional development, it is im possible to explain regional economic development itself. The 
theoretical implication is that explanations slip all too easily into the argument that the 
environment assists innovative firms while at the same time the presence o f  innovative firms 
constitutes the environment itself (Simmie, 2005, p. 793). This tautological way o f  reasoning 
has strong implications for the interpretation o f  empirical results and theory building.
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According to McCann (2007) the particularizing, bottom -up approach in regional studies and 
the homogenizing, top-down approach in regional science provide (potentially) complementary 
insights. In general, the regional studies tradition addresses the exploration o f  determinants and 
contingencies (with the emphasis on hypothesis building), whereas the regional science 
tradition assesses these determinants and contingencies in a comparative framework (with the 
em phasis on hypothesis testing). Indeed, after the first growing pains in contemporary 
discourses in the territorial innovation m odel arena (see Lagendijk, 2006 for an overview), the 
two traditions seem to be growing towards each other. In the regional studies tradition, 
typologies have been built on insights derived from  specific cases, emphasizing homogeneity 
within categories o f  regions on the basis o f  mutual similarity (see for instance C ooke’s (2004) 
dirigiste, grassroots and network regional innovation system typology extensively used in both 
hom ogenizing and particularizing approaches8. Contributions from  a regional science 
perspective increasingly placed contextual factors at the heart o f  the analyses. Capello (2009) is 
able to integrate the concept o f  institutional thickness as structuring context in the top down 
framework o f  the knowledge production function framework in endogenous growth theory. 
M oreover, scholars associated with the regional studies tradition increasingly engage in 
generically designed research practices on the basis o f  quantitative analytical frameworks (see 
for instance Simmie, 2003; 2004; Becattini and Coltorti 2006; Becattini and D ei Ottati, 2006), 
and recent years saw the publication o f  collaborative research projects which seek to combine 
theoretical and empirical insights from  both a regional studies and regional science tradition 
(see for instance Lagendijk and Van Oort, 2009). Still, however, given M cCann’s (2007, p. 
1215) characterization o f  putting square pegs in round holes, the process o f  combining 
regional studies with regional science advances is not without its problem s. The theoretical 
abundance o f  specific patterns and contingencies, often based on case study research o f  highly 
anecdotic nature, can only be tested in a more positivist framework to a limited extent, due to 
data availability and m ethodological constraints.
2.3.3 Conception of space
In evaluative remarks on the conception o f  space two distinguishing main arguments can be 
seen. Whereas the first argument relates to the claim that geographical proximity is not to be 
put on par with other form s o f  proximity, the second argument focuses on critical remarks on 
the spatial bifurcation o f  space, which is seen as one o f  the central characteristics o f  the 
theoretical framework o f  territorial innovation m odels. This argument especially arises out o f  a 
growing dissatisfaction on the minor (or even neglected) role o f  supply side determinants o f  
innovation in the international environment.
Whereas theory automatically puts proximity on a par with spatial proximity, proximity does 
not necessarily need to be spatial (Torre and Rallet, 2005; Boschm a, 2005). Alternative 
conceptions range from  economic space (Perroux, 1950; Camagni, 1995), institutional space
8 O ther typologies frequently cited in both  strands o f  literature concern Storper and H arrison  (1991) and 
M arkusen (1996).
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(North, 1990), cognitive space (N ooteboom , 2000), technological space (Carlsson, 1997) and 
social space (Granovetter, 1973) to organizational space (Hudson, 1999) and em otional space 
(Taylor, 2005). Torre and Rallet (2005) bring the issue o f  spatial proximity back to its essence:
What does ‘being near’ to som ebody mean? What does it imply in social and 
economic relations? Neighbours might ignore or even hate one another. Local 
firms can be rivals and refuse any cooperation. [...] being in proximity o f  
som eone not only means being near him or her, but it also means having a 
strong complicity with a person who is geographically distant, whether that 
person belongs to the same circle o f  friends, family or even the same network o f  
firms or professionals (Torre and Rallet, 2005, p. 48).
Table 2.1 Form s o f  proximity
F o rm K ey  d im e n sio n
Cognitive Know ledge gap
Organizational Control
Social T ru st (based on social relations)
Institutional T ru st (based on com m on institutions)
G eographical D istance
Source: B oschm a, 2005, p. 71
In a critical assessm ent o f  the relationship between innovation and proximity Boschm a (2005) 
distinguishes five different conceptions o f  space (Table 2.1). His conclusion is that different 
form s o f  proximity, although strongly related, cannot be put on par with each other. In each 
dimension o f  space, Boschm a et al. (2002) argue an inverted U relationship between proximity 
(embeddedness) and innovative perform ance, in line with the lock-in argument elaborated in 
the previous section. T o  function properly, proximity requires som e, but not too much, 
distance between actors or organisations. In Boschm a’s (2005) framework (some, but not too 
much) cognitive proximity serves as a prerequisite for interactive learning processes to take 
place. Other dimensions o f  proximity (organizational, social, institutional and geographical 
dimensions) serve as catalyzing factors to such a degree that, according to the inverted U, the 
degree o f  proximity requires an optimal level for interactive learning processes to take place. 
The main conclusion is that geometrical distance as such is not to be seen as a necessary, nor 
as a sufficient condition for innovation. Organizational, social, institutional and geographical 
proximity can, m ost likely in combination with each other, provide effective mechanisms to 
coordinate complementary knowledge assets in collaborative innovation processes. 
Geographical form s o f  proximity, com bined with some level o f  cognitive proximity, is 
sufficient for interactive learning to take place. However, other form s o f  proximity can act as a 
substitute for geographical proximity.
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Figure 2.2 Conceptions o f space
Neo-classical m odel Em beddedn ess mode^ Uzzi’ s m odel
Source: B oschm a, L am booy  and Schutjens (2002), p. 31
The second argument in critical remarks on conceptions o f  space focuses on the extraregional 
environment. Apart from  regional em beddedness also em beddedness in wider global 
production networks is o f  relevance (Bunell and Coe, 2001; H ess, 2003). Non-local 
em beddedness appears to be more important than local networks in many o f  the areas under 
study (Markusen, 1998, p. 874). H udson (1999, p. 62) describes the creation o f  
multidisciplinary and cross-departmental concept teams responsible for product innovation. 
Increasingly, these are organised on a global scale coordinated through video-conferencing and 
other m odes o f  electronic technology. Yet, inherent to the character o f  case studies perform ed, 
analyses are confined within the borders o f  the region and ties that extend across regional 
boundaries are inappropriately eliminated from  the analysis. According to H umphrey and 
Schmitz (2002), the extraregional or international environment is insufficiently theorized. A s a 
result, ‘the region’ as some kind o f  foundational concept, is taken for granted (Lovering, 1999, 
p. 384). Taylor (2005) and M acKinnon et al. (2002) even classify this type o f  reasoning as 
‘spatial fetishism ’. The implicit claim that regions can som ehow  be regarded as distinct objects 
with causal powers o f  their own, can be seen as a form  o f  spatial fetishism that tends to elide 
intraregional divisions and tensions (M acKinnon et al., 2002, p. 297). These observation clearly 
thwart the bifurcated conception o f  space as employed in territorial innovation models.
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According to the advocates o f  the global production networks perspective (Dicken et al.,
2001):
T oo often a particular (for example local) or a bifurcated (for example global­
local) geographical scale o f  analysis is used in ways that, in effect, preclude 
alternatives and that obscure the subtle variations within, and interconnections 
between, different scales (Dicken et al., 2001, p. 90).
Since territorial innovation m odels conceive the spatial world essentially as a bifurcation 
between 'inside' and 'outside' the cluster, learning region, innovation space or milieu, 
territoriality that breaks outside that picture has a high chance o f  being neglected in the 
analyses. A ccording to Coe et al. (2003, p. 11), there is a need to explore the interactions 
between extraregional firm networks, institutional thickness at a variety o f  spatial scales and 
regional economic developm ent in more detail. Appreciation o f  the variety o f  extraregional 
linkages with regional econom ies is crucial in understanding the interaction between local and 
extralocal dynamics. This interaction involves aspects such as indigenous small and m edium ­
sized enterprises, global corporations, venture capitalists and global financial networks, 
permanent and transient migrants o f  skilled workers and experts, local growth coalitions, 
national agencies and international organizations, tacit knowledge and technological licensing. 
The issue o f  extralocal linkages and interactions cannot be narrowed down to an extreme 
global-local paradox.
Recent developments within territorial innovation m odels are hopeful in this respect. The 
proposal o f  Bathelt et al. (2004) to break out o f  the spatially bifurcated conception o f  space 
through a local buzz/global pipeline cluster m odel is a strong case in point. Here, the 
competitiveness o f  clusters is related to both local buzz (information and communication 
ecology created by face-to-face contacts and co-presence o f  firms in related activities within 
the same place or region) and global pipelines (deliberately engaged, more structural 
relationships at wider levels as information channels for decisive non-incremental knowledge 
flows). The advantage o f  local buzz is that each piece o f  information (information on 
technological possibilities, market opportunities or information on reliability o f  cluster 
members) has been tested for relevance and custom ized to the receiver. Global pipelines play a 
complementary role. In contrast to buzz, pipelines are the result o f  deliberate action. Especially 
decisive, non-incremental knowledge flows are generated through network pipelines rather 
than through undirected spontaneous local ‘broadcasting (Bathelt et al., 2004, p. 40). A ccess to 
more radical form s o f  knowledge is shown to be achieved through deliberate action at an 
international and interregional scope (Owen-Smith and Powell, 2004). Furthermore, recent 
contributions in economic geography, more often than before, take different form s o f  
proximity into account. Although there still is little insight on the exact interplay o f  different 
form s o f  proximity, the understanding that different form s o f  proximity cannot be put on par 
with each other is now  widespread in economic geography. Especially, the theoretical 
distinction between cognitive and geographical proximity ensures that an im proved insight on
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the interplay between various form s o f  proximity is high on the research agenda (Lagendijk,
2006). Contributing to this agenda, geographers should focus on the form ation process o f  
economic relations in spatial and organizational contexts (Morgan, 2004).
2.3.4 Business considerations
Specific mechanisms at the level o f  the individual company or entrepreneur are often neglected 
in territorial innovation m odels. From  both a scientific and a policy perspective, the need is 
addressed to ‘open the black box ’ o f  the innovation process by im proving insight in the 
underlying processes o f  innovation at the level o f  individual and corporate agents and their 
interactions (Lundvall and Borras, 2005, p. 614). There is a lack o f  illustration o f  the local 
knowledge transfers that supposedly prom ote and sustain regional developm ent (Howells,
2002). Perhaps the m ost basic criticism on territorial innovation m odels is that basic principles 
o f  capitalism - profit and personal wealth creation, the price mechanism and capital-labour 
relationships - are insufficiently integrated in theory (Hudson, 1999). In territorial innovation 
m odels, trust, loyalty and reciprocity are seen as the basic building blocks o f  business networks. 
Em pirical studies, however, suggest that trust and loyalty are important in business as long as the 
price is right (Taylor, 2005, p. 4, emphasis added). Especially contributions which emphasize the 
social dimensions in territorial innovation m odels (Asheim, 2000; Moulaert and N ussbaum er, 
2005) show a tendency to ignore the long-standing processes involved in the international 
division o f  labour, the history o f  corporate down-sizing and job loss, union struggles and the 
self-exploitation o f  labour associated with project form s o f  production and working (Taylor, 
2005). The normative concept o f  the social region contrasts sharply with more realistic 
accounts on well-being in industrial districts9. In the w ords o f  H udson  (1999, p. 68):
The contemporary claims that the learning region offers a new and socially 
inclusive m odel o f  developm ent are ones that need to be scrutinized carefully 
since they tend conveniently to ignore the point that the social relations o f  
capitalism are at least as deeply remarked by social inequality now as they were 
then. (Hudson, 1999, p. 68)
Moreover, territorial innovation m odels underestimate, or even ignore, the importance o f  
power asymmetries in business networks (Hudson, 1999; Taylor, 2005). Although the literature 
provides exam ples o f  business links which foster innovation in buyer-supplier relations built 
on trust and collective learning (see for example Rutten, 2002), empirical studies also reveal 
contradicting examples. In these examples, innovation is constrained by asymmetrical power 
structures (Christopherson and Clark, 2007) and buyer-supplier connections are held within 
market coordination that is based on price competition (Taylor, 2000). A  key issue in the
9 In  relation to the grow th w onder cases reported in Chapter 1, Saxenian (1994) points to the high rates 
o f  depression  and suicide in Silicon Valley. B rusco (1982) points out that the firm  strategy to steer clear 
o f  labour union interference is an im portant explanation o f  the strong presence o f  sm all and m edium ­
sized com panies in Em ila-Rom agna.
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form ation and growth o f  firms is the close control o f  knowledge in order to benefit from  rents 
o f  unique knowledge resources in tem poral m onopolies. Firm s, therefore, are reluctant to 
share these resources actively with other cluster members.
Although theoretical arguments at the level o f  the individual innovating firm are not totally 
absent in the literature on territorial innovation m odels, critical com m ents stem from  a 
growing dissatisfaction with the starting point o f  the framework. T o  explain regional economic 
development, territorial innovation m odels traditionally start from  a frame o f  mind that is, to a 
great extent, regionally confined by the concept o f  em beddedness. Firm level arguments are 
then linked to the notion o f  em beddedness, through a variety o f  arguments based on 
interaction mechanism catalysts at the level o f  the region10. However, as Maskell (2001a) 
argues, in the majority o f  contributions the firm remains a somewhat vague entity without a 
clearly defined form  or function. Questions on what effectively constitutes a firm are, in the 
majority o f  contributions, not thoroughly addressed. Recently, increasing attention is given to 
com petence-based theories o f  the firm at the cost o f  attention for governance perspectives on 
the firm, as applied in transaction costs econom ics11. However, as will be argued in Chapter 3, 
a micro-level based theory o f  spatial interaction through innovative firms is as yet far from  
established.
2.4 C o n c lu sio n s an d  o u tlo ok
T o conclude this chapter on territorial innovation m odels, the answer to the question posed by 
Castells and Hall (1994) in Section 2.1 is definitely affirmative. N ot only is there a Silicon 
Valley m odel, there are several. Lagendijk (2006, p. 387) even mentions a ‘continuous rollover 
o f  concepts’. In this chapter these m odels and concepts are categorized under the name o f  
territorial innovation m odels. Although the territorial innovation family tree has many distinct 
branches, theories and concepts, the m odels share some striking similarities. In general, 
territorial innovation m odels provide governments with convincing arguments that ‘space 
matters’ in innovation. Em pirical evidence is found, based on a broad array o f  successful case 
studies all over the world, in both developed and developing countries. The essence o f  the 
arguments given in various strands within territorial innovation m odels is given in B ox 2.2.
10 E xam ples include transaction co sts econom ics (Scott and Storper, 1987), trust and other social 
interaction catalysts like social capital (Putnam, 1993), tolerance (Florida, 2002), institutional thickness 
(Am in and Thrift, 1995), and conventions (Storper and Salais, 1997).
11 The focus on com petence-based perspectives in econom ic geography is especially pu t forw ard by a 
research group united in the D an ish  R esearch Unit o f  Industrial D ynam ics (D R U ID ) (see M askell, 2001; 
Lorenzen and F o ss , 2003; M askell and Lorenzen, 2004; Lorenzen; 2004). The transaction co st approach  
is associated especially with the Californian school o f  external econom ies, as pu t forw ard in Section 2.2.
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B ox 2.2 The fashions o f  the 1990s in regional development, a rough summary
U nder the condition o f  g lo b a lis a t io n  
... c o lla b o ra tin g  an d  c o m p e tin g  ...
... flex ib ly  sp e c ia lise d  and n e tw o rk e d  actors ...
... are e m b e d d e d  in lo c a l social relations ...
... characterised by in st itu t io n a l th ic k n e ss  ...
... where interaction is governed by c o n v en tio n s ...
... and results in le a rn in g  ...
... which takes in proxim ate relations due to its ta c it  e le m e n t s .
... and enables the creation o f  u n iq u e  a s s e t s  fo r c o m p e tit iv e n e ss  ...
... o f  bo th  f irm s and their r e g io n a l en v iro n m e n ts
Source: O inas, 1999, p. 365
Although different branches in the territorial innovation family tree place different em phases 
on different determinants o f  regional innovative strength, similarities within the family are 
striking. In all m odels, the regional environment is seen as a structuring arena for sustained 
competitive advantage in the knowledge economy. Regional competitive advantage is related to 
regional knowledge assets and institutional thickness and social-cultural em beddedness. D ue to 
agglomerative forces and localized knowledge spillovers, knowledge-intensive activities are not 
randomly distributed over space. The spatial distribution o f  these activities shows 
specialization patterns and is strongly attached to urbanized areas. A ccording to theory, 
specialization in knowledge intensive activities shows a divergent developm ent pattern where 
the extremes are occupied by innovative hot spots and less favoured regions. Territorial 
innovation m odels are built on empirical insights predominantly derived from  case study 
analysis and the majority o f  m odels em phasizes specificity in regional econom ic development.
Territorial innovation m odels provide an appealing theoretical basis for regional economic 
policies. Firstly, because territorial innovation m odels fit in well with the current preoccupation 
with micro-econom ic supply-side intervention aimed at regional competitiveness in a global 
economy, and especially with the policy imperatives o f  raising productivity and innovation 
(Martin and Sunley, 2003, pp. 8-9). Secondly, through concepts such as multi-level governance 
(Kaiser and Prange, 2004), territorial innovation m odels adhere strongly to modern network 
approaches to governm ent interventions. Public responsibilities for regional developm ent do 
not rest solely on the shoulders o f  governments, but is taken up jointly by governments, 
businesses and knowledge institutions (Etzkowitz and Leydesdorff, 2000). In many European 
countries this has been accompanied by a trend towards decentralization (Cooke et al., 1997).
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Thirdly, because the main guidelines for policy interventions focus on the region’s soft 
infrastructure in terms o f  institutional capacity, it is possible for governments to set up cluster 
policies with, relative to investments in 'hard’ infrastructural assets, limited financial 
consequences. Fourthly, localised knowledge spillovers due to inter-firm linkages, a versatile 
labour pool and strong innovation-related infrastructures can be tangible sources o f  
productivity gains (Cooke, 2002) and can constitute a pervasive argument against firm 
relocation (K noben and Oerlemans, 2008).
Territorial innovation m odels received enorm ous attention during the 1990s both as 
endogenous growth m odels for regional developm ent and as practical guidelines for policy 
intervention. Because these are at the heart o f  the debate on regional developm ent and 
innovation studies, it is not surprising they are subject to criticism as well. O n the basis o f  the 
literature review in Section 2.3, in Table 2.2 evaluative remarks are summarized under the 
heading o f  three categories. A part from  an outline o f  the critical observations made by 
evaluators, an overview is given on recent developments which address these observations. 
The first point o f  evaluation concerns specificity and contingency. Originally, territorial 
innovation m odels predominantly adhere to economically successful regions in restricting the 
population o f  regions when considering the dependent variable. The theory needs a broader 
perspective to include economically weaker regions in order to relate cluster arguments to 
economic success. The strongly empirically oriented geography o f  innovation (Feldman, 1994; 
1999) strand within economic geography is prom ising in this respect. M oreover, the territorial 
innovation model fram ework has been extensively applied not only on successful cases, but 
also, and recently perhaps predominantly, on less-favoured regions and catch-up areas (Morgan 
and Nauwelaers, 2003).
The second point o f  evaluation concerns the conception o f  space. O n the one hand, this is 
because territorial innovation m odels base themselves on a one-sided, geometrical, view on the 
concept o f  space. Whereas advances in geography have lead to a notion o f  space which is not 
necessarily identical to geometrical distance or administrative jurisdictions, territorial 
innovation m odels often translate sociological and cultural arguments directly into geometrical 
and administrative regional spaces. O n the other hand (and partly related to the previous 
argument), this is because in territorial innovation m odels too little attention is given to 
extraregional connections and institutional arrangements which span across regional 
delineations. Whereas during the 1990s the role o f  wider network links was underappreciated 
in territorial innovation m odels, recent contributions increasingly integrate the extraregional 
environment in theoretical arguments. Here, the extraregional environment is integrated in 
ways which go beyond a bifurcation o f  space heavily contested by proponents o f  global 
production network lines o f  thought.
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Table 2.2 Territorial innovation m odels, a summary o f  evaluative remarks and recent 
developments
E v a lu a tiv e  re m a rk s R e ce n t d e v e lo p m e n ts
Specificity and contingency
- Territorial innovation m odels are 
principally built on a selection o f  
successful cases o f  regional innovative 
h ot spots (selection on the dependent)
- A dvances have been  achieved with the application o f  
broader based  research designs (geography o f  
innovation)
- M odels and applications have increasingly integrated  
catch-up areas and less favoured regions
- Bottom -up, particularizing approaches in 
regional studies and top-dow n, 
hom ogenizing approaches in regional 
science insufficiently m ake use o f  each  
other* s insights (round pegs and square 
holes)
- In  the regional studies tradition, the developm ent o f  
typologies have led  to a stronger accent on  
hom ogeneity within know ledge region types
- The regional science tradition increasingly takes into 
account regional contextual factors addressed by the 
regional studies tradition
- Publications which com bine insights from  the 
regional studies and regional science tradition have 
an increasing im pact within the field o f  econom ic  
geography
Conception o f space
- G eom etrical space is predom inantly put 
on a par with organizational, social, 
institutional spaces
- Theoretical enhancem ents stem m ing from  the
French proxim ity school point to the relevance o f  an 
analytical distinction betw een various kinds o f  spaces 
(especially the interplay betw een cognitive and  
geographical proximity)
- Extraregional aspects beyond a
bifurcation o f  space (collective learning 
within the region; m arket coordination  
outside the region) are insufficiently  
theorized
- The im portance o f  non-local em beddedness is 
stressed in a large num ber o f  contributions
- The local bu zz /g lo b a l pipeline m odel theorizes 
regional econom ic developm ent on  the basis o f  
netw ork structures which go beyond a traditional 
bifurcation o f  space
Business considerations
- Attributes at the level o f  the individual 
entrepreneur or com pany (classical 
econom ic considerations and pow er 
relationships) are undervalued com pared  
to social and cultural m ediating factors 
in econom ic interaction
- Recent contributions lay em phasis on so-called  
com petence-based approaches on the firm  which  
are, in m o st cases, taken to the aggregate level o f  the 
regional environm ent through the concept o f  
localized capabilities
Finally, the third evaluative point addressed in Section 2.3 is the need to develop a theory 
based on micro-econom ic business decisions, to open the black box o f  the innovation process. 
A  necessary condition is an im proved insight into the underlying processes o f  innovation at the 
level o f  individual and corporate agents and their interactions. Although in many contributions 
the notion o f  the firm remains rather vague, recently increasing attention is given to theoretical
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arguments at the level o f  individual firms. However, as will be argued in Chapter 3, a m icro­
level based theory o f  spatial interaction through innovative firms is as yet far from  established.
As stated in Section 1.2, the goal o f  the research is to improve the insight into spatial 
dimensions in innovation processes on a broader basis than just case descriptions o f  best 
practices in successful exam ples o f  regional growth wonders as input for policy initiative. 
Territorial innovation m odels offer a strong potential for a broad insight in spatial dimensions 
o f  innovation, as can be concluded from  the literature survey reported in this chapter. 
Although territorial innovation m odels have been subject to fundamental points o f  criticism 
regarding the em phasis on specific localities as research object, the sometimes over-simplistic 
conception o f  space and the scant attention paid to business considerations at the level o f  the 
individual innovating firm, recent achievements in the territorial innovation field show 
convincingly that critical evaluations have not fallen on deaf ears. The regional studies agenda 
and the regional science agenda clearly show initial signs o f  convergence. A t least in potential, 
this integration provides fertile ground for generalization possibilities o f  (some of) the basic 
theoretical arguments, originally fram ed in specific contexts conditional upon an array o f  
contingencies. Recent theoretical contributions within territorial innovation m odels clearly 
distinguish between different form s o f  proximity and m odels have been developed which 
explicitly break through a simplistic spatial dichotomy between the world inside and outside 
the region. M oreover, recent contributions have taken prom ising steps towards theories at the 
micro-level o f  the innovating firm, although a clear-cut theory o f  spatial interaction at the 
micro-level is as yet far from  established. Therefore, before engaging in m ethodological and 
analytical issues, this theoretical ambition is addressed in the next chapter.
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3 Spatial industrial organization
3.1 In trod u ction
Section 2.4 concludes with the conviction that we need a broad theoretical basis at the level o f  
the individual innovating firm to explain the spatial organization o f  innovation. It has been 
argued that there is a need to provide complementary theoretical arguments to the ones stated 
in territorial innovation m odels, specifically in relation to individual business considerations at 
the level o f  the individual innovating firm. There is a need to develop a theory based on m icro­
economic business decisions, to open the black box o f  the innovation process by improving 
the insight into the underlying processes o f  innovation at the level o f  individual and corporate 
agents and their interactions. Territorial innovation m odels have to be complemented by 
spatial arguments derived from  theories at the level o f  the firm. In the previous chapter, a 
num ber o f  additional criteria are stated with which these arguments should comply. Spatial 
arguments at the micro level o f  the firm should be based on a broad population o f  innovating 
firms, should not be confined to specific territorial units beforehand and should take into 
account contextual factors. A s argued in this chapter, spatial interpretations o f  theoretical 
approaches within industrial organisation provide such a basis.
In this study the term industrial organization refers to the upcom ing field o f  econom ics o f  
organization (N ooteboom , 1999; Langlois and F oss, 1999), developed as an alternative to price 
theory in neoclassical contributions12. In neoclassical price theory, the firm is seen as the 
second best alternative to market coordination. A t first sight, the classical economic distinction 
between firms and markets seems clear (Milgrom and Roberts, 1988):
A  firm is a production set summarizing the possibilities for transform ing one 
bundle o f  time-, event- and location-differentiated com m odities into another; a 
market is the com ing together o f  economic agents (firms and consumers) to 
exchange ownership o f  such bundles. (Milgrom and Roberts, 1988, p. 456)
However, as exam ples o f  intracompany trade and stable, m ore structurally organized buyer- 
supplier relations are taken into account, the relation becom es blurred (Maskell, 2001a). As 
such, neoclassical contributions leave the firm as an unexplained phenom enon in economic life 
(Coase, 1937). Within industrial organization, at least two theoretical strands can be
12 N o te  that this interpretation differs from  neo-classical interpretations o f  industrial organization. In  the 
latter approach industrial organization focuses on the functioning o f  im perfect m arkets which form  the 
context for firm s’ strategic actions (see for instance Shepherd, 1985). A t theoretical level the focu s lies 
predom inantly on abstract issues on com petition and m onopoly. Practical applications especially concern  
antitrust and com petition policies.
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distinguished, namely contractual approaches and competence based approaches. Within the 
contractual approaches, transaction cost theory (Williamson, 1975; W illiamson, 1985) has 
becom e the m ost widely known theory. In transaction cost theory, hierarchal coordination 
within the firm is set up as a safeguard against opportunistic behaviour in market exchange 
situations, characterized by asset specificity. Com petence based approaches, that are m oving 
strongly towards an important position in the economic debate, are also referred to as resource 
based, capabilities based and knowledge based views on the firm (Foss and Knudsen, 1996) 
and are strongly em bedded in evolutionary economic bodies o f  thought (Montgomery, 1995). 
In com petence based approaches the firm is conceived as a collective stock o f  unique 
combinations o f  tacit knowledge assets offering a competitive advantage. Both contractual and 
competence schools focus on the essence o f  the firm as a focal unit o f  the analysis. Whereas 
contractual approaches focus almost exclusively on exchange aspects o f  the firm, competence 
based approaches traditionally focus on the production side within the firm. Recently, attempts 
have been made to integrate both contractual and competence based approaches in an 
integrated framework o f  industrial organization (notably Langlois and Robertson, 1995; 
N ooteboom , 2000). A s argued in Section 3.2, the two theoretical strands within the theory o f  
the firm provide strongly complementary insights and, together, offer strong potential to arrive 
at a theory o f  the firm in compliance with the criteria stated in Section 2.4 and suited to 
com plem ent territorial innovation m odel arguments.
Industrial organization does, however, hardly pay attention to spatial aspects o f  economic 
organization. That does not mean, however, that theories within industrial organization do not 
offer added value for territorial innovation m odels that explicitly take the spatial distribution o f  
innovative activities into account. In fact, important elements o f  industrial organization have 
already been incorporated in territorial innovation m odels elaborated in the previous chapter. 
As reported in Section 2.2, in the Californian school o f  external econom ies transaction costs 
serve as an important explaining factor o f  the spatial agglomeration o f  innovative firms. 
Furthermore, various contributors to the field o f  territorial innovation employ competence 
based approaches on wider entities than the firm, to include regions (Lawson, 1999), 
(regionally embedded) networks (Foss, 1999) and clusters (Lorenzen, 2004). In these 
contributions, the main theoretical elements o f  evolutionary, competence based, theories o f  the 
firm, are all applied to wider arenas, structured by collective learning processes (Maskell, 2001a, 
p. 339).
Although territorial innovation m odels do derive inspiration from  elements o f  firm-level 
theories within industrial organization (see Section 3.4 for an extensive elaboration), the central 
argument made in his chapter is that theoretical arguments in industrial organization might not 
be fully exploited in territorial innovation accounts in ways that comply with the demands 
elaborated earlier in Section 2.3. In this sense, an integral combination o f  industrial 
organization and territorial innovation m odels in terms o f  spatially discriminating arguments at 
the micro-level o f  the innovating firm has not yet been determined. In this chapter, based on 
theoretical strands within industrial organisation, in combination with spatial arguments, first
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steps are taken towards what might be called a theory o f  spatial industrial organization. In 
attempting to do so, the demands with which the previous chapter has concluded (see Section 
2.4) will be taken into account. Spatial arguments at the micro level o f  the firm should be based 
on a broad population o f  innovating firms, should not be confined to specific territorial units 
beforehand and should take into account structuring contextual factors. In this sense, focusing 
on spatially discriminating arguments at the level o f  the individual firm, the theoretical 
framework o f  spatial industrial organization aims to open the black box o f  spatial interaction 
and localized knowledge spillover (Howells, 2002; Lundvall and Borras, 2005).
The structure o f  this chapter is as follows. Section 3.2 focuses on the main theoretical building 
blocks o f  industrial organization, transaction cost theory and the competence based approach. 
In Section 3.3 an attempt is made to integrate both theoretical strands in a dynamic perspective 
o f  industrial organisation. Spatial arguments, related to both the contractual and competence 
based approach, are added in Section 3.4. In Section 3.5 the main theoretical propositions are 
summarized as the first steps towards what could be called a theory o f  spatial industrial 
organization at the micro-level o f  the individual innovating firm.
3.2 C o n trac ts an d  co m p eten ces
3.2.1 The firm  as a nexus of (incomplete) contracts
In contrast to neoclassical theories, that view the price mechanism as the central coordination 
mechanism in an economic system, transaction cost theory13 arises out o f  the recognition o f  
market failure due to bounded rationality and the risk to run into opportunistic behaviour. 
Unlike the predictions o f  neoclassical theories, markets are not free, but involve search and 
information costs, bargaining and decision costs and policing and enforcem ent costs before, 
during and after the market transactions are agreed upon (Coase, 1960).
In order to carry out a market transaction, it is necessary to discover who it is 
that one wishes to deal with, to inform  people that one wishes to deal and on 
what terms, to conduct negotiations leading up to a bargain, to draw up a 
contract, to undertake the inspection needed to make sure that the terms o f  the 
contract are being observed, and so on. (Coase, 1960, p. 15)
13 Transaction  co st theory is n ot the only contractual approach  in the econom ics o f  organization. A s F o ss  
(1996a, p. 7) argues, although various theoretical contributions within contractual approaches — 
transaction co st theory (W illiamson, 1985), nexus o f  contracts theories (Alchian and D em setz, 1972; 
Cheung, 1983), agency theory (H olm strom , 1982) and incom plete contracts theory (G rossm an  and H art, 
1986) differ, som etim es rather substantially, they all agree on  exchange aspects which are decisive in  
determining patterns o f  industrial organization. In  light o f  our purpo ses here, the analysis is restricted to  
transaction co st theory, because it already has gained a position  in territorial innovation m odels, and m ore  
importantly, because it takes up a prom inent position  in integrative approaches in industrial organization  
(see Section 3.3).
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Transaction costs are the costs o f  contact, contract and control (N ooteboom , 1999) and can be 
seen as the economic equivalent o f  friction in physical systems (Williamson, 1985, pp. 18-19). 
E x  ante transaction costs are the costs o f  drafting, negotiating and safeguarding an agreement 
(Williamson, 1985, p.20). E x  p ost costs o f  contracting stem from  the control o f  effecting the 
agreement, transactions which have drifted out o f  alignment in relation to the original contract, 
negotiations to correct ex post misalignments, and governance costs o f  disputes (Williamson, 
1985, p. 21).
The relevance o f  transaction costs is especially evident in uncertain environments (Coase, 
1937). The business environment in which innovations are developed is a typical example o f  
such an uncertain environment. In innovative environments, external coordination through 
market relations is difficult since future contingencies cannot be foreseen in every detail and 
contracts cannot be drawn up to account for any possible contingency that could occur in 
future stages o f  the jointly undertaken innovation process. Transaction cost theory 
conceptualizes the firm as a nexus o f  imperfectly specified contracts, in contrast to more fully 
specified contracts o f  arm’s-length transaction (Langlois and Robertson, 1995, p. 36). In the 
face o f  economic change, im perfect specification allows some manoeuvring room  for 
adaptation. Hence, employment contracts and managerial authority can prove to be superior, 
since hierarchal governance allows for greater flexibility in a volatile world. O n the other hand, 
production is not organised in one all-embracing m onopolistic firm since there are diminishing 
returns to management; the costs o f  hierarchal control rise with firm size, due to management 
information overload (Coase, 1937, p. 395).
Transaction costs stem from  what W illiamson (1985) terms as asset specificity. A ssets are 
specific in situations where they have value in the context o f  a particular transaction and have 
little value outside the context o f  that particular transaction. This opens the door to 
opportunistic behaviour (Simon, 1962). The issue o f  asset specificity is especially relevant in 
uncertain environments. A s Langlois and F oss (1999) state:
In the absence o f  appropriate contractual safeguards the transacting parties may 
choose less specific — and therefore less specialized and less productive — 
technology. If, by contrast, the transacting parties were to pool their capital in a 
single enterprise in whose profits they jointly shared, the incentives for 
unproductive rent-seeking would be attenuated. Because such unified 
organizations would choose the more productive specialized technology, they 
would win out in a competitive struggle against the contractual alternative. 
(Langlois and Foss, 1999, p. 205)
As Langlois and F oss (1999) make clear, market strategies avoiding asset specificity com e at a 
cost. Teece (1976) also em phasizes the role o f  hierarchal governance in the context o f  
innovation:
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I f  there is a high degree o f  interdependence am ong successive stages o f  
production, and i f  occasions for adaptation are unpredictable yet com m on, 
coordinated responses may be difficult to secure if  the separated stages are 
operated independently. Interdependence by itself does not cause difficulty if 
the pattern o f  interdependence is stable and fixed. Difficulties arise only if 
program  execution rests on contingencies that cannot be predicted perfectly in 
advance. In this case, coordinated activity is required to secure agreement about 
estimates that will be used as a basis for action. Vertical integration facilitates 
such coordination. (Teece, 1976, p. 13)
In (traditional) transaction cost econom ics, internal coordination is thought to be more 
favourable for systemic innovations than decentralized market coordination due to 
informational reasons, appropriability issues and issues on adverse power relationships 
According to Silver (1984), innovators can communicate the procedures and routines their 
employees are to follow more easily than they can explain to a contractor the detailed 
specification o f  the end-product. In fields where appropriability regimes are relatively weak (as, 
for instance, in process technologies) potential benefits are internalized relatively easy in the 
integrated organization, which is both  the developer and user o f  the innovation (Teece, 1986). 
M oreover, in the context o f  decentralized ownership o f  different stages in the production 
chain, systemic innovations can be blocked by conservative asset-holders to protect their 
current position and rent stream (Langlois and Robertson, 1995, p. 38).
T o  summarize, transaction theory puts economic change on a par with vertical integration 
since uncertainty favours hierarchal control. In relatively stable environments, uncertainty is 
more easily m anaged and market coordination prevails over hierarchal governance. The 
hypothesis that innovation is best governed by vertically integrated production configurations 
is empirically confirmed by Chandler (1977) on the basis o f  historical data. He concludes that 
since the late nineteenth century the growth in high-technology manufacturing sectors has 
been closely correlated to the degree o f  horizontal and vertical integration14.
Transaction cost theory has encountered a substantial amount o f  criticism. The first point o f  
criticism focuses on the dichotomy o f  markets and hierarchies in W illiamson’s (1975) original 
framework. Apart from  arm’s length market coordination and internal hierarchy, Richardson 
(1972) also observes other arrangements, such as structural trading relationships, sub­
14 A lthough a num ber o f  authors plea for vertical integration on the basis o f  this em pirical material (see 
for instance Lazonick, 1991), other accounts (Robertson and Langlois, 1995; Powell, 1990) place a 
question m ark by the general validity o f  organizational patterns in specific time periods by referring to 
publications that contribute to the discussion  on the basis o f  the flexible specialization fram ew ork (Piore 
and Sabel, 1984; Sabel and Zeidin, 1985). Furtherm ore, the study by Chandler (1977) — just like the m ore  
recent study on Italian industrial districts — involves specific industries, in Chandler’ s case sensitive to 
scale econom ies.
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contracting relationships, joint ventures and subsidiaries, franchise structures and technological 
licensing agreements. In his words, in contrast to what transaction cost theory presupposes, 
research is confronted with
“ a continuum passing from  transactions, [...], where the cooperative element is 
minimal, through intermediate areas in which there are linkages o f  traditional 
connections and goodwill, and finally to those com plex and inter-locking 
clusters, groups and alliances which represent cooperation fully and formally 
developed.”  (Richardson, 1972, p. 887)
Apart from  reflecting on the fact that the distinction between markets and firms is not all­
inclusive (for instance in the sense that sub-units within the firm often are coordinated by 
means o f  quasi-market arrangements), Powell (1990) adds network coordination to the 
dichotomy o f  markets and firms. Network form s o f  coordination are especially relevant in 
situations in which know-how m ust be acquired in relatively short time periods. Firms engage 
in networks in order to gain fast access to new technologies or new markets, to benefit from  
econom ies o f  scale in joint research or production, to tap into sources o f  know-how located 
outside the boundaries o f  the firm, and to share the risks for activities that are beyond the 
scope or capability o f  a single organization (Powell, 1990, p. 315). A s product life cycles 
shorten and global competition intensifies, these motives to engage in network coordination 
have becom e param ount concerns. In more recent contributions W illiamson (1985; 1991) adds 
network coordination as a discrete structural alternative to the set o f  possible organization 
outcom es. The concept o f  network coordination is elaborated in more detail in paragraph 3.3 
which focuses on integrative approaches which combine elements from  both transaction cost 
theory and the com petence-based approach.
The second point o f  criticism, primarily put forward by proponents o f  competence based 
approaches within industrial organization (see Section 3.2.2) focuses on the production side o f  
the firm. All contractual approaches agree on primarily emphasizing the exchange aspects o f  
the firm, while relatively neglecting the production side (Foss, 1996b, p. 8). The fact that in 
transaction cost econom ies, production costs are supposed to be constant, obscures the way 
productive knowledge is generated and transmitted through the economy. Langlois and Foss 
(1999, p. 206) state that it is quite likely that the mechanisms underneath narrow firm strategies 
have little or nothing to do with the alignment o f  contractual incentives, bu t everything to do 
with limited knowledge and capabilities. This point has also been argued by Richardson (1972) 
and Teece (1986). Cognitive constraints force organizations to specialize. Since the chain o f  
production in an advanced economy requires a diversity o f  different capabilities, firms have to 
face contractual hazards and rely on market and hybrid arrangements. This line o f  reasoning 
has been empirically confirmed in Walker and W eber (1984) in their study on the make-or-buy- 
decision which designates differential production capabilities at the production side as the 
m ost im portant explanatory variable. In contrast to transaction cost theory, according to the 
flexible specialization school (Piore and Sabel, 1984; Sabel and Zeitlin, 1985) small firms are
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more flexible and thus better adapted to innovate. According to this view specialization, and 
not vertical integration, leads to increasing returns in the innovation process. Issues at the 
production side will be further elaborated in the remainder o f  this paragraph.
Thirdly, transaction cost theory only applies to short-term, static considerations (N ooteboom , 
1992). It is important to note that the transaction costs advocates themselves (see Williamson, 
1985) explicitly state that the classic transaction costs approach is unsuitable for the analysis o f  
dynamic processes o f  learning and innovation which stand at the basis o f  competitive strength 
in the long run.
The introduction o f  innovation plainly com plicates the earlier-described 
assignment o f  transactions to markets or hierarchies based entirely on their 
examination o f  their asset specificity qualities. Indeed, the study o f  economic 
organization in a regime o f  rapid innovation poses much more difficult issues 
than those addressed here. (Williamson, 1985, p. 143)
Hence, as Lundvall (1993) argues, trade-offs between interactive learning (evolutionary 
economics) on the one hand, and exchange aspects (transaction cost economics) and 
production costs (neoclassical considerations on econom ies o f  scale and scope) on the other 
hand, are not taken into account. Recently however, im portant achievements have been made 
to reach theoretical accounts based on dynamic transaction costs (Langlois and Robertson, 
1995; N ooteboom , 2000). The central question in these dynamic approaches is whether new 
capabilities are best acquired through the market, through internal learning or through some 
hybrid network form. The concept o f  dynamic transaction costs is elaborated in Section 3.3.
3.2 .2  The firm  as a collection of competences
Whereas transaction co st theory reduces the question on the boundaries o f  the firm exclusively 
to a make-or-buy decision, competence based approaches focus on the production side o f  the 
firm by assessing the importance o f  know-how (Teece, 1980).
The principal feature o f  the m odern business enterprise is that it is an 
organisational entity possessing know-how. (Teece, 1980, p. 226)
Unlike contractual approaches, in the competence based approach firms are not seen as loci o f  
coordination, but primary as loci o f  creation, implementation, storage and diffusion o f 
productive know-how under the direction o f  strategic management. Following the pioneering 
work o f  Edith Penrose (1995), firms are generally seen as perform ing a m ore fundamental role 
in the organization as carriers o f  know-how residing in firm-specific resources (Barney, 1991), 
com petences (Foss and K nudsen, 1996) and dynamic capabilities (Teece and Pisano, 1994)15. A
15 F or our purpo ses, follow ing Barney et al. (2001) com petences, (dynamic) capabilities and resources are 
treated as synonyms. A ccording to D o s i and M arengo (2000, pp. 80-81) there are som e differences in the
53
sustained competitive advantage depends on unique capabilities that comply with market 
preferences and cannot be replicated easily by competitors. Com petences can be defined as 
‘typically idiosyncratic knowledge capital, which allows its holder to perform  activities - in 
particular, to solve problem s - in certain ways, and typically do this m ore efficient than others 
(Foss, 1996b, p. 1). Com petences cannot be governed through market coordination. A ssets 
which readily can be bought on the market are o f  no interest in the competence based view on 
the firm, since more trivial resources, although constituting a necessity to make firm operation 
possible, do not explain competitive advantage (M ontgomery, 1995). A s such, the balance 
sheet is a poor representation o f  a firm’s distinctive competence (Teece and Pisano, 1994, p. 
540). Instead, the focus lies on assets that positively distinguish the firm from  its competitors.
Because o f  its skill-like character, competence has a large tacit com ponent and is 
asymmetrically distributed. The knowledge involved is em bodied in the minds and heads o f  
human resources and organisational routines (N ooteboom , 1999). Although knowledge 
ultimately rests in individuals, in the context o f  the theory o f  the firm and strategic 
managem ent it is seen best as a property o f  organizations rather than o f  individuals16. While 
individual skills are certainly relevant, their productive value depends on their employment in 
particular organizational settings. Com petences are built on firm-specific combinations in a 
constantly changing environment. A s such, it com es as no surprise that competence based 
approaches attribute a central importance to learning as a determinant o f  sustained competitive 
advantage and the competence based approach is strongly germane to the knowledge-based 
view on the firm (Foss, 2005). Com petences are em bedded in organisational routines focused 
on learning. Learning requires com m on codes o f  communication and coordinated search 
procedures and, hence, learning processes are intrinsically social and collective (Teece and 
Pisano, 1994, p. 545). Furthermore, opportunities for learning are strongly influenced by 
previous activities and are, therefore, path-dependent, since learning is a process o f  trial, 
feedback and evaluation with reference to current experience (Teece, 1988). The success o f  
heterogeneous developm ent paths is determined by current and future market preferences, 
which ultimately determine the value o f  firm competences. In this sense, the market 
determines the discovery process and the firm is to be seen as a focusing device through which 
interactive learning is governed (N ooteboom , 2006). In the cognitive theory o f  the firm
sense that the resource based  approach is a theory on equilibrium  rather than a theory on disequilibrium  
and is, m ore than the other approaches, centered on issues o f  control over productive assets, rather than  
on the know ledge how  to m ake use o f  their assets. MaskeU (2001, p. 339) claim s that the term  
com petencies is u sed  in relation to the level o f  the firm , while the term  capabilities is applied in relation to 
territorial units only. T o  avoid a conceptual d iscussion, com petences, capabilities and resources refer to a 
broad  conceptions o f  know -how  residing in firm s (N ooteboom , 1999).
16 D o s i and M arengo (1994, pp. 158-159) and Teece and P isano (1994, pp. 542-543) provide underlying 
arguments. First, em pirical studies convincingly reveal that firm s — also firm s within the sam e industry — 
persistently differ bo th  in term s o f  coordinative routines and profitability. Second, field-based empirical 
research reveals that the way production  is organized by m anagem ent is the source o f  differences in  
firm s’ com petence in various domains.
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(N ooteboom , 2000), diversity is a crucial condition for learning. Diversity can be defined as the 
num ber o f  agents with different knowledge and skills. In this sense diversity implies different 
perception, interpretation, understanding and evaluation em bedded in cognitive frameworks 
(Johnson-Laird, 1983). In order to collectively achieve a sustained competitive advantage, this 
diversity has to focus on com m on objectives, based on mutual understanding o f  the strengths 
and weaknesses in the competitive position o f  the firm in relation to opportunities and threats 
in the market environment. A s N ooteboom  (2006) argues:
The opportunity lies in diversity: the novelty value o f  a relation increases with 
cognitive distance. However, mutual understanding decreases with cognitive 
distance. I f  effectiveness o f  learning by interaction is the mathematical product 
o f  novelty value and understandability, the result is an inverted U shaped 
relation with cognitive distance. (N ooteboom , 2006, p. 1019)
Organizations are necessarily limited in what they know how  to do well (Langlois and Foss, 
1999, p. 207). There are diminishing returns to spreading an organization’s com petences over a 
broad range o f  activities. Therefore, firms choose to focus on a well-defined set o f  
com petences, based on idiosyncratic synergy o f  business activities, especially where 
complementary products drawing from  similar com petences are concerned (Richardson, 1972). 
In the context o f  learning, im portant advantages are ascribed to specialization. Specialized 
firms are expected to be more adept than integrated firms at isolating and solving problem s 
through focused alertness (Langlois and Robertson, 1995, p. 132). Specialization also increases 
the num ber o f  com peting units searching for solutions to a given problem , providing greater 
opportunity for trial and adoption (N elson and Winter, 1977). Given these arguments, the 
m odern-day focus o f  strategic management on core com petences (Prahalad and Hamel, 1990) 
com es as no surprise.
The competence based approach is, strictly speaking, not a finely honed theory but can be 
conceived as a strongly developing area o f  research. In the past ten years, the competence 
based approach has gained a position at the heart o f  the strategic management discourse. 
Increasingly, insights from  competence based approaches find their way into the related field 
o f  economics. Critical evaluations focus on the fuzzy character o f  the concepts that are central 
to theoretical arguments, on the low importance attached to the external firm environment and 
on negative aspects associated with learning trajectories, based on routines and dynamic 
capabilities. N ot surprisingly, for a developing area o f  research, alm ost any critical review on 
literature on com petences and resources asserts the fact that both resources and competences 
are not sufficiently defined and delineated (see, for instance Eriksen and Mikkelsen, 1996)17. 
Within strategic managem ent literature and econom ics, the simultaneous use o f  different 
concepts with strongly overlapping meanings and the same definitions with slightly different 
meanings, creates a rather fuzzy m indset as far as the central concepts o f  enquiry are
17 See also note 15.
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concerned. This inhibits m ethodological risks as pointed out by Wright et al. (2001) with 
reference to spurious relationships, tautological reasoning and even reverse causation. Mowery 
et al. (1996) point to the high emphasis put on anecdotal cases and the use o f  questionable 
indicators referring to resources. Further critical com m ents focus on the low importance 
(early) contributions attach to the external environment o f  the firm and on negative aspects 
associated with routines and capabilities. With reference to the latter argument, Langlois and 
Robertson (1995, p. 105) point to the negative aspects o f  routines and capabilities in the form  
o f  inertia. Inertia is the antidote to learning and is often the product o f  a successful adaptation 
to earlier technological an d /o r economic opportunities, as firms develop com petences suitable 
to those particular characteristics. Once established, routines can, like other institutional 
factors, retard innovation in the light o f  changing technological an d /o r economic 
circumstances, with the danger o f  becom ing locked out from  the transition towards the new 
paradigm o f  subsequent breakthrough innovations (Cohen and Levinthal, 1990, p. 137). In this 
context, small firms are often lauded for their ability to (re)focus their capabilities in the 
context o f  change (Langlois and Robertson, 1995, p. 131). Com petence based approaches have 
been criticized for their predominant focus on internal firm aspects, at the expense o f  the 
external firm environment (Coom bs and Metcalfe, 2000, p. 209). In early contributions, 
capabilities and their exploitation have been presented primarily as matters for relatively 
independently functioning individual firms. A s a consequence, firstly, this fails to give the 
collective, combinatorial character o f  learning the credit it deserves, and secondly, this fails to 
recognize that a distinguishing feature o f  the competitive strength o f  firms is their ability to 
manage external partnerships required by modern innovation conditions. However, in recent 
contributions, the competence based approach is increasingly combined with the contractual 
approach to arrive at a network theory in which m ore dynamic interpretations o f  transaction 
costs and interactive learning in innovative networks, designed to combine complementary 
com petences, take a central position. These integrative approaches in industrial organization 
are elaborated in the next section.
3.3 In tegrative  ap p ro ac h es in in d u str ia l o rgan ization
3.3 .1 Complementarities in contractual and competence-based approaches
An important conclusion that can be drawn from  the previous section is that there are two 
fundamentally different approaches to economic organization. One — the governance 
perspective o f  transaction cost econom ics — treats the firm from  an exchange and coordination 
perspective, while the other — the competence based approach — treats the firm as repository 
o f  limited amounts o f  know-how. The main differences between competence and contractual 
approaches are listed in Table 3.1. Although F oss and Mahnke (2000, p. 4) admit that the 
characterizations in Table 3.1 border on a caricature, the characterization provides an 
insightful, although somewhat crude, characterization o f  the differences between and 
complementarities within both  approaches. A s elaborated in the previous section, whereas the 
exchange oriented governance framework focuses on transaction costs, in the production
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oriented competence perspective, transactions provide means to combine complementary 
com petences on the basis o f  the value attributed to those competences. Whereas in 
competence based approaches bridging cognitive distance is central to set interactive 
evolutionary learning processes in m otion on the basis o f  diversity, in the transaction costs 
approach incentive structures to contain the risks o f  opportunistic behaviour in situation o f 
asset specificity are central to the analysis.
Table 3.1 Partial characterization o f  competence and governance perspectives
T h e  c o m p e te n c e  p e r sp e c tiv e T h e  g o v e rn an c e  p e r sp e c tiv e
- ‘P roduction oriented’ - ‘Exchange oriented’
- ‘Transaction  value’ - ‘Transaction  co sts’
- Know ledge building and knowledge 
utilization
- Structuring incentives and allocating property  
rights
- R outin es/com peten ces are units o f  
analysis
- Transactions are units o f  analysis
- D ifferential cognition - Cognitive hom ogeneity
- O pportunism  and other incentive conflicts 
relatively unim portant
- Incentive conflicts are central
- D ynam ic /  evolutionary - Com parative static
Source: F o ss  and M ahnke, 2000, p. 5
Although proponents o f  both perspectives often disagree with one another what should be the 
primary concern in the econom ics o f  industrial organization, there is wide agreement that both 
approaches are, in essence, complementary. According to Langlois and F oss (1999):
Econom ics o f  organization too strictly divides production and organization, two 
features that are closely intertwined in economic life. Future work may centre on 
modelling capabilities and incentive considerations in the same m odel, so that 
the role o f  both production costs and transactions costs in the econom ics o f  
organization becom es visible.”  (Langlois and Foss, 1999, p. 212)
Although alm ost every account on industrial organization em phasises the need to integrate 
both contractual and competence based approaches — that is, to integrate both production and 
governance aspects into the theory o f  the firm — some fruitful attempts already have been 
made. These attempts are the central focus o f  this section. First the concept o f  network 
coordination by Powell (1990) will be elaborated. Secondly, Langlois and Robertson's (1995) 
dynamic theory o f  business institutions will be summarized, and thirdly, the contribution o f
57
N ooteboom  (2000) in terms o f  his cycle o f  learning and industrial organization will be 
presented. A s in the previous section o f  this chapter, these integral contributions to industrial 
organization are typically a-spatial in character. The ambition to integrate spatial aspects in 
their arguments will be taken up in Section 3.4.
3.3 .2  Network coordination
The concept o f  network coordination, as a third alternative for market coordination and 
internal hierarchies within the firm, is elaborated with insight by Powell (1990). In Table 3.2, 
based on Powell (1990, pp. 301-305) the central features o f  network coordination are 
summarized.
- N etw ork coordination is based on a combination o f  complementary competences which 
are too com plex, implicit, an d /o r decentralized to be captured either by the price 
mechanism at the market or by top-down formal procedures within hierarchies. Prices 
cannot capture the intricacies o f  idiosyncratic, complex and dynamic exchange. In the same 
light, an important weakness o f  hierarchal form s o f  governance is that they lack effective 
feedback mechanisms com m on to more symmetrical relations.
- Network coordination strongly focuses on the long-term aspects o f  the relation between 
engaging partners. It is not the immediate exchange that is o f  central importance, as in 
markets, nor the form al hierarchal structure o f  authority as in intraorganizational exchange. 
A  network is based on interdependency o f  the individual units within the network, since 
parties are mutually dependent on resources controlled by other partners. Therefore, 
network relationships take a considerable effort to establish and to sustain, which can be a 
constraining factor for the ability o f  network m em bers to adapt to changing circumstances. 
However, networks are, in general, more flexible than hierarchies, since expectations are 
not frozen in formal authorities and procedures, but change as circumstances dictate.
- Netw orks are built on mutual benefit, reciprocity and trust18. In the face o f  com plex and 
uncertain realities, trust is a remarkably efficient lubricant in economic exchange, since it 
results in a m ore efficient and rapid flow o f  information. Reputation concerns serve as a 
safeguard against opportunistic behaviour o f  network partners.
Hence, through network coordination cooperating firms are able to capture both transactional 
advantages o f  integration (as predicted by transaction cost theory) with learning advantages o f  
specialization (as set out by the competence based approach). Given the contrasting views on 
the optimal m odes o f  governance o f  innovative activities, touched upon in the previous 
section, the complementation o f  the market-hierarchy dichotomy with network form s o f
18 Especially  reciprocity is central to netw ork coordination, although different disciplines use it in  
different contexts and in different m eaning (Powell, 1990, p. 304). Where sociological and  
anthropological analyses treat reciprocity in term s o f  indebtedness, econom ic gam e theoretic analyses 
em phasize equivalence. In  the first view, a m easure o f  im balance sustains the partnership. In  the latter 
view reciprocity is, in the lon g  run, consistent with the pursuit o f  self-interest.
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governance provides a theoretical basis to combine learning flexibility o f  entrepreneurial small 
firms (the Piore and Sabel (1984) m odel o f  flexible specialization) with econom ies o f  scale and 
scope o f  their larger counterparts (the Lazonick (1991) m odel o f  vertical integration). 
Netw orks are 'lighter on their feet than hierarchies (Powell, 1990, p. 303) and combine 
flexibility with network externalities in terms o f  econom ies o f  scale and scope. In network 
approaches, special attention is paid to externalities in interactive learning processes in user­
producer interaction (Lundvall, 1988). A s Lundvall (1988) argues, on the exclusive basis o f  
market coordination, learning would be impossible. D evelopers cannot know beforehand to 
what extent innovations comply with user needs and potential users are n ot able to assess the 
utility value o f  new and im proved products.
Table 3.2 Stylized com parison o f  market, hierarchy and network coordination
F o rm s
K ey  fe a tu re s M a rk e t H ie ra rch y N e tw o rk
Normative basis contract — 
property rights
em ploym ent
relationship
com plem entary strengths
Means o f communication prices routines relational
Methods o f conflict resolution haggling — resort 
to courts for  
enforcem ent
administrative fiat — 
supervision
norm  o f  reciprocity — 
reputation concerns
Degree o f flexibility high low m edium
A m oun t o f commitment among 
the parties
low m edium  to high m edium  to high
Tone or climate precision an d /o r  
suspicion
form al, bureaucratic open-ended, m utual 
benefits
A ctor preferences or choices independent dependent interdependent
Source: Powell, 1990, p. 300
Netw orks can be seen as form s o f  organized markets characterized by continuous exchange o f  
information between users and producers. Interactive learning (Lundvall, 1988) involves 
awareness o f  technological opportunities, understanding o f  the economic value o f  these 
opportunities, know-how regarding the use o f  the new or im proved product and feedback 
related to experiences in the use o f  the product. Technical learning is supported through 
communicative and social learning to bridge cognitive distance. Through network 
coordination, access is gained to a set o f  related complementary com petences, whereby
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cognitive distance is bridged through technical, communicative and social means o f  learning. 
As such, network coordination provides a m eans to enjoy external econom ies o f  cognitive 
scope (N ooteboom , 2000). Given the access to complementary com petences, firms em bedded 
in network coordination are able to focus internal learning processes on their core 
com petences, thereby enhancing total efficiency in learning (Mowery et al., 1996; Grant and 
Baden-Fuller, 2004).
3.3.3 Langlois and Robertson’s dynamic theory of business institutions
According to Langlois and Robertson (1995) static aspects o f  transaction cost theory apply to 
so-called ancillary capabilities. In their m odel o f  business institution in face o f  economic 
change, firms consist o f  two distinct parts. The intrinsic core o f  the firm com prises elements 
that are idiosyncratically synergistic, inimitable and non-contestable in the sense that they — at 
least in the short run - cannot be duplicated, bought or sold, and that they combine generate 
unique outcom es that are m ore valuable than the outcom es that the core elements could 
produce separately (Langlois and Robertson, 1995, p. 7). A s such, the intrinsic core o f  the firm 
can be put on a par with the concept o f  core competence (Prahalad and Hamel, 1990). The 
remainder o f  the firm consists o f  ancillary capabilities, which are contestable and may not be 
unique. Langlois and Robertson (1995) restate C oase’s (1937) question on the boundaries o f  
the firm in terms o f  the extent to which ancillary capabilities will be internalized or bought on 
the market. The boundaries depend on the strength o f  the organization’s ancillary capabilities 
relative to those that can be purchased (the relative production costs) and on the respective 
governance and transaction costs involved in making, respectively buying these capabilities 
(Langlois and Robertson, 1995, p. 7).
In the long run, transactional arrangements in industrial organization are not static. Both the 
intrinsic core and the ancillary capabilities that comprise an organization, and the prevailing 
levels o f  transaction costs, are expected to change over time because o f  learning. Since all 
transaction costs are basically information costs (Dahlman, 1979), as learning takes place in a 
stable environment, transaction costs diminish. Given a stable environment, in the long run, 
agents engaged in similar transactions will learn the typical outcom es o f  these transactions and 
will include increasingly more specific provisions in their contracts (Langlois and Robertson, 
1995, p. 29). Therefore contractual approaches on industrial organization cannot apply to the 
long term without considering processes o f  learning in firms and markets.
In the context o f  economic change, firms face two basic options to develop new capabilities 
(Langlois and Robertson, 1995, pp. 34-35). The first option is to develop new capabilities 
within the firm through internal learning. The second option is to teach external organizations 
new possibilities and persuade them to put these into practice. Dynamic transaction costs are 
the costs o f  persuading, negotiating, coordinating and teaching potential partners in innovation 
trajectories (Langlois and Robertson, 1995, p. 35). Dynamic transaction costs arise in situations 
where suppliers literally do not understand the innovator’s needs, because outside parties
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question the commercial viability o f  the ideas. Another way to look at these costs is the costs 
o f  n ot having the right capabilities in-house or in the market when you need them. A s a result, 
innovating firms may have to engage in tasks they rather would delegate to specialized 
suppliers through market coordination. In cases when these costs refer to outside partners, 
these costs are termed dynamic transaction costs. When these costs apply to the internal 
organization, the term o f  dynamic governance costs is more appropriate. In Langlois' and 
Robertson's (1995) terminology, in the early years o f  Ford M otor Company, the company 
faced dynamic transaction costs in terms o f  the costs o f  developing the capabilities needed to 
manufacture parts supplies at high-volume m ass production, capabilities which were at that 
time not readily available with external parts suppliers (Langlois and Robertson, 1995, p. 34). 
Similarly, in the late 1940s, record company Colum bia (owner o f  the LP trademark) spent 
considerable time and effort in persuading player manufacturers to adapt the 33-rpm standard 
which offered superior perform ance com pared to the 78-rpm standard at that time (Langlois 
and Robertson, 1995, p. 82-83).
The notion o f  dynamic transaction costs closely resembles N ooteboom ’s (2000) concept o f  
network externalities o f  external cognitive scope. Learning by interaction decreases cognitive 
distance so that diversity yields non-redundant tacit knowledge as input in learning processes. 
In this context, dynamic transaction costs can be seen as the costs to build enough absorptive 
capacity to bridge cognitive distance with related, complementary competences. Whereas 
Langlois and Robertson define dynamic transaction costs from  a unilateral viewpoint, 
N ooteboom  (2000, p. 73) places interaction explicitly at the heart o f  the analysis. Bridging 
cognitive distance involves not just the teaching suppliers. Learning from  network partners is 
equally important.
As we have seen, the classical, static, transaction costs interpretation puts innovation on par 
with vertical integration. In relation to the dynamic transaction costs approach, the picture o f  
industrial organization is m ore differentiated. In Langlois and Robertson’s (1995) dynamic 
theory o f  business institutions, it is the character o f  innovation which is at the basis o f  
industrial organization. All other things being equal, systemic innovations prom ote vertical 
integration and autonom ous innovations prom ote specialization. An innovation is systemic 
when change in one part o f  the system necessitates corresponding change in other parts 
(Teece, 1986). By analogy, autonom ous innovation does not demand changes in one part o f  
the system to correspond to changes in other parts o f  the system19. Innovation in so-called 
m odular systems can be seen as an intermediate form 20. The organizational match o f  a m odular
19 A  typical example o f  autonom ous innovation is the snow board, developed in the 1960s. A  typical 
exam ple o f  system ic innovation concerns FM  broadcasts, which started in the 1940s, but did n ot reach  
parity with A M  until 1979 (Langlois and R obertson , 1995, p. 86).
20 W hen there is a wide variety in consum er tastes, or differential rates o f  change exist betw een  
com ponents o f  a product, go o d s m ay be produced  as m odules rather than as inseparable entities to allow  
custom ers to obtain specific com binations o f  characteristics they assign m o st value to. M odular system s
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system is vertical specialization in combination with network coordination. Coordination in 
networks o f  specialized suppliers is organized through the development, adaptation and 
acceptation o f  com m on standards o f  compatibility between the com ponents. In core networks, 
these standards are laid down by the lead manufacturers. In decentralized networks, standards 
are determined jointly by com ponent producers and assemblers through the market or through 
coordinated action (Langlois and Robertson, 1995, p. 74). A  network with a standard o f  
compatibility prom otes autonom ous innovation by allowing specialist producers to concentrate 
their learning processes on their core businesses. Radical form s o f  innovation require, as 
argued earlier, a diversity o f  potentially relevant complementary competences. In radical 
systemic innovations, uncertainty typically arises out o f  the absence o f  a so-called dominant 
design (Utterback and Abernathy, 1975) on which the interface in m odular systems is built. 
G iven the absence o f  a dominant design, in the context o f  structural change the ability to tap 
from  a wide diversity o f  inform ation channels and to switch business activity rapidly are key 
determinants in a sustained competitive advantage (Langlois and Robertson, 1995, p. 136).
In short, Langlois and Robertson (1995) attach central importance to the character o f  
innovation in the industrial organization o f  innovative activities. O n the one hand, in general, 
systemic innovations call for vertical integration and autonom ous innovations are best 
governed through specialization. M odular networks are built on the learning advantages o f  
specialization and require network coordination in relation to the interface integrating different 
subsystems. However, radical form s o f  (systemic) innovation are implemented in a structurally 
uncertain environment in which the outcom es in terms o f  dominant designs are not clear. In 
this context, sustained competitive advantage relies on the abilities to tap into a wide diversity 
o f  information channels and to switch business activity rapidly. Langlois and Robertson (1995) 
stress the importance o f  a wide array o f  contingencies that could prove relevant in the 
organization o f  innovative activity. Im portant contingencies are the scope o f  innovation (with 
a narrow scope enhancing the chance that market coordination proves sufficient and a broad 
scope pointing towards vertical integration primarily based on market access) and the stage in 
the product life cycle (with network coordination as prevailing alternative in the early stages o f  
introduction and growth). Further contingencies noted by Langlois and Robertson (1995, p. 
137) involve the appropriability regime, the institutional environment and firm characteristics.
3.3.4 Nooteboom’s cycle o f learning and innovation
Building on March’s (1991) exploration-exploitation dichotomy, N ooteboom  (2000, pp. 170­
189) proposes a cycle o f  discovery (Figure 3.1) which is made up o f  various stages in learning 
in which phases o f  exploration and exploitation take turns.
are based  on econom ies o f  substitution (G arud and Kum arasw am y, 1993, p. 362). E con om ies o f  
substitution exist when the co st o f  designing a higher perform ance system  through the partial retention 
o f  existing com ponents is low er than the co st o f  designing a system  afresh. A  typical exam ple o f  a 
m odular system  concerns the A pple iPhone, which is designed as an expandable system  with technical 
details available to users and third party suppliers.
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Figure 3.1 The cycle o f discovery
Source: N o o teb o o m , 2000, p. 184
At the outset, novelty (novel concepts, practices, products, technologies) tends to be 
incompletely determinate. T o  be able to exploit novelty efficiently, knowledge becom es 
consolidated in standard practice on the basis o f  experience with success and failure. 
Consolidation yields efficiency by narrowing down variety. Redundant, inefficient or counter­
productive elements are eliminated. Best practices are systematically prom oted in general 
standards. Coordination requires systematization and standardization. The outcom e o f  the 
consolidation phase is the paradigm to be followed along a technological trajectory. In the light 
o f  a changing environment, consolidation in standard best practices can lead to inertia. To 
overcom e structural inertia, the paradigm resulting from  the phase o f  consolidation, has to be 
challenged in a variety o f  contexts. In the generalization phase, insight is gained in the limitations 
o f  practices, possibilities for novel combinations o f  elements in current and neighbouring 
practices and the architectural principles with which they can be combined. In the next phase 
o f  differentiation, reduction o f  variety is reversed, based on the need to adopt to the specific 
dem ands that different contexts place on generic practices. In the differentiation phase, 
different versions and extensions are developed to fit the variety o f  context. Whereas 
differentiation focuses on adaptation as a variety within the theme, in the reciprocation phase 
elements from  foreign practices are adopted. Here, ad hoc additions and m odifications cloud 
clarity and efficiency, increase complexity, resulting in loss o f  efficiency and diminishing
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returns. Hence, it will becom e increasingly difficult to m odify while maintaining coherence. 
Such an accumulation o f  unresolved failures provides an incentive to consider novel 
combinations through disposal o f  architectural principals, thereby eliminating the limits to 
novel elements brought in. A t this stage, the circle closes and connects with the starting 
situation o f  incompletely determinate novel combinations. With reference to industrial 
organization, N ooteboom  (2000, pp. 209-227) proposes a cycle o f  organization integration and 
disintegration (Figure 3.2), associated with the various stages in the cycle o f  discovery.
Source: N o o teb o o m , 2000, p. 211
The cycle o f  discovery connects to industrial organization in the following way:
The virtue o f  firms, with cognitive proximity within them, engendered by 
corporate culture, is a detailed and close understanding needed for efficient 
production (exploitation). The virtue o f  interfirm relations lies in cognitive 
distance, for variety o f  cognition to create novelty (exploration). (N ooteboom ,
2000, p. 153)
Although N ooteboom  (2000, p. 211) points to the role o f  'many technological, organizational 
and institutional contingencies’, as a rough generalization, consolidation and generalization 
require an integrated structure, within firms or in tightly connected networks o f  firms. 
Referring to managem ent and organization literature (Burns and Stalker, 1961; Thom pson,
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1967), N ooteboom  (2000, p. 210) connects stable, predictable environments in the phases o f 
exploitation (consolidation and generalization) to the ‘mechanistic’, bureaucratic structures o f  
the integrated firm. The generation o f  novelty in the stages o f  reciprocation and architectural 
innovation however requires a disintegrated structure to ensure variety in information sources. 
Differentiation requires an intermediate m ode between integration and disintegration, with 
loosely coordinated networks or relatively independent subsidiaries within large firms. 
N ooteboom ’s cycle o f  learning closely resembles the literature on industrial dynamics, m ore 
specifically in its m anifestation through life cycle concepts (Figure 3.3).
Figure 3.3 The product life cycle and organizational dynamics, theoretical propositions (a) 
and empirical confirmation (b)
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Source: W enting, 2008, p. 22
Following the introduction and growth stages in the product life cycle, G ort and Klepper 
(1982) predict, and empirically confirm, entry in the take-off phase and exit in the shake-out 
phase. K lepper (1996) summarizes the relation between market structure and the product life 
cycle as follows:
W hen industries are new, there is a lot o f  entry, firms offer many different 
versions o f  the industry’s product, the rate o f  product innovation is high, and
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market shares change rapidly. Despite continued market growth, subsequently 
entry slows, exit overtakes entry and there is a shakeout in the num ber o f  
producers, the rate o f  product innovation and the diversity o f  competing 
versions o f  the product decline, increasing effort is devoted to im proving the 
production process, and market shares stabilize. (Klepper, 1996, p. 562)
These insights are in line with the industrial dynamics in N ooteboom ’s cycle o f  learning where 
entry, in the reciprocation stage (characterized by increasing levels o f  variety) is followed by 
exit in the consolidation phase, after winning combinations have reached the status o f  
dominant design.
3.3.5 Evaluation
The short review o f  integrative approaches within industrial organization, given in this 
paragraph, learns that concepts, heuristics or m odels which combine elements from  both 
transaction cost theory and the competence based approach, share their dynamic character in 
their em phasis on knowledge, learning and innovation and the attention given to economic 
networks as an intermediate form  o f  industrial organization between markets and hierarchies. 
Both Langlois and Robertson (1995) and N ooteboom  (2000) build on the network concept 
insightfully summ arized by Powell (1990) and both contributions em phasise the contingent 
character o f  the relation between economic change and industrial organisation. Im portant 
contingencies are the character o f  innovation (radical versus incremental improvements), 
stages in learning cycles (exploration versus exploitation) and the industry’s product life cycle, 
the nature o f  discontinuities (competence-enhancing versus competence-destroying changes) 
and the scope o f  innovation (autonom ous versus systemic innovations).
Although both  m odels are presented as rough generalizations o f  a com plex economic 
organization under strong influence o f  a wide array o f  contingencies, at first sight, 
N ooteboom ’s (2000) cycle o f  discovery and integration and disintegration appears 
fundamentally different from  Langlois and Robertson’s (1995) dynamic theory o f  business 
institutions. Whereas N ooteboom  (2000) draws on managem ent and organization literature 
(Burns and Stalker, 1961; Thom pson, 1967) stating ‘that stable, predictable environments 
require a mechanistic bureaucratic structure, while volatile, unpredictable environments require 
a looser organic structure’ (N ooteboom , 2000, p. 209), Langlois and Robertson (1995) 
emphasise the connection between (systemic) innovation and vertical integration for 
informational reasons (Silver, 1984), pow er (Rajan and Zingales, 1998) and appropriability 
(Teece, 1986). Similarly, whereas Langlois and Robertson (1995) associate standardization with 
enhanced coordination and greater possibilities for autonom ous innovation in decentralized 
networks, N ooteboom  (2000) connects standardization to predictability, which is m anaged 
m ost efficiently in integrated structures. Hence, in cases where N ooteboom  appears to predict 
integration, Langlois and Robertson expect specialization to occur, and vice versa. Although 
these differences might suggest otherwise, both  contributions should, however, not be 
interpreted as complete antidotes. O n closer scrutiny, similarities in both approaches catch the
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eye. A s touched on earlier, Langlois and Robertson (1995) point to the contingent role o f  
different phases in the product life cycle. In the early product life cycle phases o f  introduction 
and growth uncertainty in both source and user industries is very high. In such an 
environment, coordination integration is unsuitable because it increases 'certainty' within an 
organization by ‘artificially reducing the num ber o f  sources o f  information that are treated as 
credible’ (Langlois and Robertson, 1995, p. 139). Hence, vertical integration bears the risk that 
information from  external or non-accredited sources tend to be ignored or downgraded. When 
the flow o f  innovation is high and the form  o f the user product in flux, it is crucial to be able 
to tap into as many options as possible (Langlois and Robertson, 1995, p. 139).
The exact connection between economic change and industrial organization is the subject o f  a 
lively academic debate, a debate which is not easy, given a num ber o f  contingencies this 
relationship depends on. Both Langlois and Robertson (1995) and N ooteboom  (2000) 
emphasize that the presentation o f  their theoretical arguments is a crude generalization o f  
contingent reality. M oreover, the difficult relationship between theoretical concepts (hierarchal 
governance within a firm, network coordination between firms and market coordination at the 
market) and everyday practice further complicates analyses. For instance, an ‘integrated’ firm 
may consist o f  several business units am ong which coordination is governed by (quasi-) market 
mechanisms and in spite o f  a collection o f  independent entities, the innovative network in 
Silicon Valley is in fact, to a certain degree, characterized by com m on ownership through 
business angels partly owning prom ising ventures and actively engaged in the managem ent o f  
those firms. Although these m odels accentuate different aspects and do not always fully agree 
on organizational outcom es to be expected in a particular setting, there seems to be agreement 
on the claim that exploration demands differentiation o f  knowledge inputs and is in m ost cases 
best governed through loosely coupled innovative networks. O n exploitative learning, 
theoretical claims are less straightforward. According to N ooteboom  (2000), exploitation 
demands integration. On the other hand, in the context o f  exploitation Langlois and 
Robertson (1995, p. 127) point out the possibility o f  coordination through (organized) markets 
and networks in m odular systems, depending on historical patterns in the distribution o f  
capabilities, technological contingencies, the scope o f  innovation, the institutional 
environment.
3.4 In d u str ia l o rgan izatio n  a rgu m en ts in eco n o m ic  g e o g ra p h y
3.4.1 Introduction
In the previous section an overview is given o f  perspectives in industrial organization. The 
organizational design o f  production can, to a certain extent, be connected to its spatial 
configuration (Frigant and Lung, 2002, p. 742). This section focuses on spatial arguments 
within these contributions based on applications in economic geography that explicitly take 
industrial organization arguments into account. In their introductory contribution on 
dynamical capabilities, Teece and Pisano (1994, p. 546), indeed state that ‘geography matters
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too ’, not only through traditional locational assets, in the sense that land use regulation can 
strongly limit tradability o f  these assets, but also in the sense that routines and com petences 
seem , at least partly, attributable to cluster synergies that shape firm s’ capabilities in early stages 
in their lives (Teece and Pisano, 1994, p. 550). Som e references note territorial innovation 
m odels by explicitly referring to the concept o f  industrial districts:
Arguably, vertical integration is currently out o f  fashion, and at any rate. 
Chandler’s views are flatly contradicted by those who advocate ‘the virtual 
corporation’, to wit, the relatively short-lived, but extremely flexible partnering 
that develops in order to reap temporary technological opportunities, as the 
organizational form  o f  the future, by the advocates o f  ‘networking’, ‘industrial 
districts’, etc. (Foss, 1996a, p. 11, emphasis added)
D espite the fact that ‘geography matters’ in industrial organization, spatial arguments based on 
theories within industrial organization cannot be directly transferred to the economic 
geography domain, since, traditionally, in industrial organization, spatial aspects are not an 
integral part o f  the theoretical framework. Rather, industrial districts are brought forward as 
exemplary outcom es o f  network coordination in innovative environments. T o  the extent that 
spatial concepts do appear in theoretical arguments in industrial organization, the concept is 
predominantly used in the context o f  discussions focusing on the contrast between integration 
and disintegration, specifically the debate between proponents o f  the flexible specialization 
thesis (Piore and Sabel, 1984; Sabel and Zeitlin, 1985 and proponents o f  the vertical integration 
thesis (Chandler, 1977; Lazonick, 1991) in the context o f  innovation (see Robertson and 
Langlois, 1995). In this sense, spatial characteristics in the innovative network are put on a par 
with the decentralized network itself as organizational outcom e. Therefore, it is important to 
note that geographical clustering stays in the domain o f  assumption. As Langlois and 
Robertson (1995) state:
[...] i f  firms were clustered and the mobility o f  personnel high, as in an industrial 
district, rapid exchange o f  information would speed up the sorting process, 
leading to identification o f  the best solution. (Langlois and Robertson, 1995, p.
132, emphasis added)
The aim o f  this section is to shift spatial dimensions out o f  the domain o f  assum ption by 
explicitly integrating spatial notions in the framework o f  industrial organization based on 
applications o f  industrial organization approaches in econom ic geography. Although 
applications have long been confined to the achievements o f  the Californian school o f  external 
econom ies in which transaction cost econom ics take a central position, (a limited num ber of) 
recent contributions are based on broader insights derived from  industrial organization.
68
3.4.2 Economic geography applications
As already stated in Chapter 2, transaction cost theory already has a long tradition in economic 
geography, notably through the achievements o f  the Californian school o f  external economies. 
As Scott and Storper (1987) argue in relation to increasing returns in vertically disintegrated 
production complexes:
[...] transactional relations often have geographically-dependent cost structures.
The greater the magnitude o f  these costs per unit o f  transactional activity, the 
greater is the likelihood that the producers caught up in mutual transactional 
engagements will agglomerate in order to reduce them. (Scott and Storper, 1987, 
p. 221)
Especially in high-technology industries, exchange relations are not standardized at all and 
uncertainty requires intensive search and renegotiation. Transactions are more frequent, less 
predictable and more complex. In these continually changing circumstances, transaction costs 
weigh heavily on the costs o f  production. Unforeseen problem s which arise in innovation 
trajectories alm ost by definition necessitate continual adjustment, face-to-face contact and 
frequent unanticipated negotiations. Whereas in the original contributions transaction costs are 
strongly associated with inter-firm trade linkages, later publications focused on the role o f  
trust, conventions, informal rules and habits that coordinate econom ic actors under conditions 
o f  uncertainty, through the concept o f  untraded interdependencies (Storper, 1997, p. 5). 
Recent contributions referring to transaction cost econom ics increasingly take a cognitive 
perspective. In collective learning processes, transaction costs also involve communication 
costs related to cognitive distance am ong firms with different interpretative mindsets or 
expectations (Maskell and Lorenzen, 2004). This cognitive framework is linked to dynamic 
transaction costs approaches in the sense that it does not relate to misaligned interests, but to 
incomplete, incorrect or different beliefs about each other’s productive contribution to the 
interaction. Social learning bridges this distance, which leads to mutual understanding and trust 
(Hakansson, 1989). Where earlier evolutionary accounts emphasize the role o f  untraded 
interdependencies, the cognitive approach o f  Lorenzen and F oss (2003) introduces the idea o f  
so-called focal points. Through collective learning and imitation o f  successful strategies, focal 
points becom e institutionalized as ‘meta-routines’ in clusters. Focal points are generated 
through shared experiences and com m on points o f  reference, facilitated through face-to-face 
interaction, m onitoring and gossip, facilitated by geographical proximity.
Spatial arguments derived from  exchange aspects in firm interaction relate to a positive 
connection between transaction costs and distance. The positive connection between 
transaction costs and distance, in both a cognitive and organizational, institutional, and cultural 
sense, is a central argument in industrial organization. Although alternative m odels can also be
69
distinguished21, the connection with geographical proximity and geometrical distance is a basic 
and generally supported claim in territorial innovation m odels, which also can be found in 
contributions in industrial organization (Teece and Pisano, 1994; Langlois and Robertson, 
1995; N ooteboom , 2000). The connection between transaction costs and distance is especially 
relevant in the first stage o f  the product life cycle, since, in high-technology industries, there is 
a high level o f  uncertainty and the need for firm specialization and inter-firm diversity is 
highest, leading to frequent and unstable interactions.
Although competence based approaches originally refer to the level o f  the firm, contributions 
in economic geography increasingly apply the logic o f  reasoning to collective entities o f  firms 
through network approaches (Foss, 1999). Based on the same notion that is the basic rationale 
behind territorial innovation systems, namely that firm success is conditioned by ‘their 
belonging to a certain geographically bounded collectivity o f  interacting firm s’ (Foss, 1999, p. 
1), the network application is also related to regional development. Law son (1999) extends the 
competence theory o f  the firm to a competence theory o f  the region, in which the regional 
environment is presented as an ensemble o f  shared routines, resources and capabilities. 
Through collective learning processes, localized capabilities are built to establish the platform  
o f  heterogeneity on which the competitiveness o f  firms can be built or augmented (Maskell, 
2001a, p. 339).
Both transaction cost considerations and insights from  competence based approaches are 
com bined by Solvell and Bresm an (1997) in an hour-glass m odel o f  the multinational 
enterprise (Figure 3.3). This m odels is strongly connected to product life cycle considerations 
and cycle o f  learning proposed by N ooteboom  (2000). Solvell and Bresm an (1997) argue that 
the geographical scope in interaction o f  multinational enterprises varies for each stage o f  the 
innovation process. In the sensing phase, in which the developm ent o f  new ideas is central, the 
model predicts a geographically dispersed network to combine a variety o f  sources. The 
response phase in the innovation process concerns more incremental improvements to the 
more fundamentally new ideas developed in the sensing phase. Here, the m odel predicts a 
concentration o f  network linkages. In the third phase, implementation (commercialization), the 
hour-glass model predicts dispersion related to country-specific marketing and distribution 
strategies.
21 In this respect it is interesting to note that in the transaction co st writings o f  W illiam son (1985) spatial 
proxim ity has a negative connotation in relation to transaction co sts through the concept o f  site 
specificity. Site specificity refers to a specific fo rm  o f  asset specificity, nam ely the situation in which 
transacting parties m ake durable investm ents in favour o f  a particular transaction which requires co ­
location. A s in other types o f  asset specificity, the risks o f  opportunistic behaviour are high and have to 
be anticipated ex ante and m anaged ex post. A s outlined in Section 3.2, these co sts can, in a static 
interpretation, be term ed transaction costs. The higher the risk o f  opportunism , the higher the transaction 
co sts involved.
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Figure 3.4 Distance to network partners: an hour-glass model
Tim e
Source: SolveU and Bresm an, 1997, p. 60
3.4.3 Evaluation
In Section 3.1 the aim is stated to complement territorial innovation m odels with spatially 
discriminating theoretical arguments at the level o f  the firm. In this section, the applications 
within economic geography that — implicitly or explicitly — relate to theoretical contributions 
within industrial organization, are critically evaluated on the basis o f  the criteria stated in 
Section 2.3. Spatial arguments at the micro level o f  the firm should be based on a broad 
population o f  innovating firms, should not be confined to specific territorial units beforehand 
and should take into account contextual factors.
(Dynamic) Transaction costs arguments in economic geography apply to a broad population o f  
firms engaged in innovative networks or em bedded in regional clusters. Arguments are 
principally based on a broad population o f  innovating firms and are not confined to a limited 
num ber o f  successful hot spots. In economic geographical explanations, transaction costs 
arguments discriminate between the world inside the regionally em bedded community and the 
world outside the regionally em bedded community. These arguments are in line with insights
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from  strategic managem ent literature that both advantages and drawbacks o f  partnerships in 
R&D -partnerships are heightened for cross-border partnerships (Lhuillery and Pfister, 2009). 
In com parison with dom estic partnerships, cross-border network coordination costs are likely 
to increased with cultural differences and geographical distance (Barkema et al., 1997). It m ust 
be noted, however, that strategic managem ent contributions primarily emphasize the 
difference between domestic and cross-border linkages, whereas applications in economic 
geography primarily discriminate between the world inside and outside the regionally 
em bedded community (see also Section 2.3). Applications o f  transaction costs econom ics 
contain a num ber o f  contingencies. In high-technology industries, transaction costs are o f  
decisive importance, a reasoning which complies with both Langlois and Robertson’s dynamic 
m odel o f  business institutions and N ooteboom ’s (2000) cycle o f  exploration and exploitation. 
Langlois and Robertson (1995, p. 139) associate the first stages o f  the product life cycle with 
governance in innovative networks which distinguish themselves as m ode o f  governance 
through relatively low transaction costs. Furthermore the importance o f  local networking is 
especially relevant for small com panies that often lack resources to invest time and money in 
extraregional collaborations (Knight, 2000)22.
As in strategic managem ent and business econom ics, competence based approaches enjoy a 
growing popularity within econom ic geography. A s outlined earlier, in the emerging 
competence based discourse in economic geography competence based arguments, originally 
applied to the firm level, are related to collectivities at regional or national level (Maskell, 
2001a). This strategy is in line with the argument that communities o f  practice generate 
com petences that, although ultimately possessed  by individuals, are collective in the sense that 
they are based on collective learning processes com m on to m em bers o f  the community 
(Wenger, 1999). In a wide variety o f  economic geography research issues, this application 
provides prom ising perspectives, since, as Maskell (2001a) argues, competence based 
approaches are in line with the basic contem porary rationality assum ptions in the economic 
geography discourse and the importance attached to collective learning processes. However, in 
light o f  the research aim o f  this study, some additional criteria are put forward. In Chapter 2 
the conclusion is drawn that, in order to provide a broad understanding o f  spatial dimensions 
o f  innovation processes, there is a need to critically encounter conceptions o f  space. This 
applies to both a distinction between various form s o f  space and to include extraregional 
aspects beyond the traditional bifurcation o f  space in territorial innovation m odels (see Table
2.2 in Section 2.4). In light o f  the research aim o f  this study, applications that level firm specific 
arguments to regionally em bedded networks are less suitable, however. Although the strategy 
to level theoretical arguments at the level o f  the individual firm to the network level is in line 
with the network approach taken up by integrative approaches in industrial organization, the 
translation is contingent on the institutional environment upon which regionally em bedded
22 N o o teb o o m  and V ossen  (1995) point to the heterogeneous character o f  the population  o f  small firms. 
In  general, small com panies adopt innovations later than large firm s and clearly participate less in R & D . 
W hen they do participate, small firm s tend to do so m ore intensively than large firms.
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collective learning processes are built (Robertson et al., 2008, p. 6). Spatial connotations in 
more generically applied arguments suffer from  two shortcomings.
Firstly, it is important to note that analyses do not clearly distinguish geometrical space from  
organizational, institutional and cultural spaces. Distance is thus put on a par with geometrical 
distance, as the following quote by N ooteboom  (2000) illustrates:
Taking into account the role o f  distance [...] , we find that novel 
combinations are prom oted by a constellation o f  separate, relatively small, 
weakly connected, spatially proximate units in complementary activities 
('industrial districts' or autonomous units in large firms). (N ooteboom , 2000, p.
212, em phasis added)
This quote clearly illustrates that different conceptualizations o f  distance are in fact 
communicating vessels. Both the industrial district, offering the advantages o f  proximity in a 
geographical sense, and the multidivisional firms, offering organizational proximity, can act as 
advantageous configurations in the industrial organization o f  innovation. Robertson et al. 
(2008, p. 15) state that although geographic proximity can enhance inter-organizational 
learning and innovation, in the absence o f  geographic proximity other form s o f  proximity can 
be substituted for this.
Secondly, advances in economic organization and strategic managem ent point to the relevance 
o f  extraregional (international) network linkages. Corporations derive com petences from  
several entities in which they are part (Oinas and Van Gils, p. 63). Firms increasingly conduct 
R & D  abroad (Cantwell and Piscitello, 1999). Apart from  regional and national contexts o f  
learning, firms also belong to sectoral systems o f  innovation which offer knowledge inputs 
from  other regions or even globally (Robertson et al., 2008, p. 21). From  this point o f  view 
Solvell and Bresm an’s (1997) hour-glass m odel contains som e prom ising ideas. Although the 
model does not make explicit reference to arguments in industrial organization and is based on 
a specific subpopulation o f  innovating firm s23, it relates strongly to integral approaches in 
industrial organization outlined in Section 3.3. In this line o f  reasoning, access to com petences, 
like transaction costs, alters as time passes (Langlois and Robertson, 1995, p. 40; Knudsen, 
1996, p. 85). T o  the extent that com petences are based on knowledge, they can also be 
expected to becom e more widespread as others have an opportunity to acquire the necessary 
learning. The spatial consequences o f  these patterns, although largely neglected in the industrial 
organization literature, are that the scope o f  network relations alters during the cycle o f  
discovery. In explorative learning phases in which diversity plays an important role through 
differentiation and reciprocation, we are unlikely to find all potentially relevant divergent inputs
23 The hour-glass m odel relates to m ultinational enterprises busin ess units with concentrated internal 
com petences (in the sense that learning and innovation predom inantly take place within a lim ited num ber 
o f  business units), active in technological fields with globally d ispersed external com petences.
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within the boundaries o f  the regional environment, especially since in the discovery phase, 
routines and com petences between firms in a particular industry tend to converge over time 
within regions, rather than between regions due to local processes o f  imitation and selective 
adoption (Boschm a, 2004). This line o f  reasoning is consistent with advances in international 
management. I f  knowledge is sticky, foreign direct investment in high-technology regions 
serves as an important competitive advantage to multinational enterprises (Teece, 1992; 
Almeida, 1996). D ue to a differentiated technological landscape across space, firms that are 
successfully able to cross geographic boundaries have access to these variegated technological 
trajectories (Ahuja and Katila, 2004, p. 888). Like international business studies on 
multinational enterprises, the hour-glass line o f  reasoning explicitly makes a distinction 
between organization space within the multinational conglom erate and geographical space 
between technologically divergent localities. Although international business studies 
predominantly focus on multinational conglom erates, this line o f  reasoning has a broader 
application in (the few) econom ic geography contributions that take into account the role o f  
extraregional connections as an integral part o f  the analysis. A s Bathelt et al. (2004, p. 42) 
conclude, the advantages o f  global pipelines in the buzz-and-pipeline cluster m odel, touched 
on earlier in Section 2.3, are associated with multiple selection environment that open 
divergent information sources as potential sources o f  competitive advantage.
Contingencies in the hour-glass m odel relate to the importance o f  divergent information 
sources as input in collective learning processes. Langlois and Robertson (1995, p. 139) point 
to the product life cycle24. In the early phases o f  introduction and growth it is essential to tap 
as many options as possible in a divergent set o f  information sources, since a dominant design 
has yet to be established. N ooteboom  (2000, p. 215) points to the cycle o f  discovery and 
industrial organization. D iscovery and ongoing innovation through exploration by 
differentiation and reciprocation is facilitated by decentralized governance structures within 
multinational enterprises, so that business units can tap into complementary com petences in 
host countries. In fact, Sidhu et al. (2007) claim geographical reach to be an important 
distinguishing feature o f  explorative learning strategies.
3.4.4 Summary
Industrial organization approaches in economic geography which combine elements from  
transaction cost theory and elements from  competence based approaches enjoy an increasing 
popularity in the field o f  economic geography. Industrial organization arguments at the level o f  
the individual firms are attributed to collectivities at the regional level, based on notion o f
24 B oth  Langlois and R obertson ’ s (1995) and N o o teb o o m ’s (2000) interpretation differ fundam entally 
from  the traditional product life cycle interpretations in filter dow n approaches shortly addressed in 
Section 2.3. A ccording to V ernon’ s traditional interpretation o f  product life cycle theory, in h ost 
countries only standardized production  attracted by low  labour costs, is to be expected. H ence, the 
product life cycle theory o f  internationalization neglects the im portance for discovery by processes o f  
differentiation and reciprocation (N o oteboom , 2000, p. 214).
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regional em beddedness within industrial districts. However, underemphasizing the role o f  
extraregional em beddedness implies a danger o f  tautological reasoning in the sense that as far 
as the institutional environment prom otes regionally em bedded collective learning, the region 
can be conceived as a structuring arena for collective learning processes. In light o f  our 
research aim which seeks to provide a broad reflection on spatial dimensions o f  innovation 
processes, the hour-glass m odel line o f  reasoning has better potential. Here, international 
connections are primarily associated with explorative phases in learning processes, in which 
firms need to tap a variety o f  divergent information sources in a differentiated technological 
landscape. Transaction cost econom ics arguments are especially relevant in high-technology 
contexts in which uncertainty prevails. Arguments derived from  dynamic transaction cost 
theory relate distance positively to transaction costs and, therefore, expect collective learning 
processes to run m ost effectively and efficiently in the context o f  proximity.
3.5 T o w ard s a  theory o f  sp a t ia l in d u str ia l o rgan izatio n
This chapter is intended to fulfil the need for a micro-econom ic based theory on the spatial 
industrial organization o f  innovation. The overview o f  the econom ics o f  organization literature 
has learned that there is strong potential to integrate spatial arguments in the theory o f  
industrial organization to arrive at spatially discriminating arguments in ways that are 
complementary to territorial innovation models. Spatial interpretations that comply with the 
evaluative points brought forward in Section 2.3 can be seen as the first steps towards what 
might be seen as a theory o f  spatial industrial organization o f  innovation.
Firstly, the framework o f  spatial industrial organization starts from  a positive relation between 
distance and transaction costs. Transaction costs, in this light, comprise spatial interpretations 
on both traditional exchange aspects (Scott and Storper, 1987) and m odern interpretations 
focused on the costs to bridge cognitive distance in interactive learning processes 
(N ooteboom , 2000). The positive relation between distance and transaction costs is seen as a 
general feature in interactive learning processes. However, in environments characterized by 
high levels o f  uncertainty — high-technology industries, radical form s o f  innovation, early 
phases in the product life cycle, explorative learning phases in the cycle o f  discovery — 
transaction costs weigh relatively heavily on operational management. Especially in these 
contexts, from  a transaction costs point o f  view, concentration o f  innovative activities and 
regionally em bedded collective learning processes are to be expected. The positive connection 
between distance and transaction costs applies to different conceptions o f  space (geographical, 
cognitive, organizational, institutional and cultural form s o f  space). D ifferent form s o f  space 
can act as communicating vessels in the sense that, for instance, distance in a geographical 
sense can be com pensated by proximity in an organizational sense25. The connection between
25 This example can be related to the strong inward foreign direct investm ent in high-technology regions 
like Silicon Valley (Teece, 1992).
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distance and transaction costs applies to the broad population o f  innovating firms. However, 
the im pact is stronger for small and medium-sized firms than for large firms since small 
com panies often lack resources to invest time and money in extraregional collaborations. 
Therefore, it is not surprising that in the literature on industrial districts, small and m edium ­
sized firms take a prominent position (see, for instance G oodm an  et al., 1989). Contributions 
emphasize external econom ies o f  scale and scope in combination with flexibility o f  small firms 
in learning processes, as opposed to risks o f  inertia in learning processes in large vertically 
integrated firms.
Secondly, the framework o f  spatial industrial organization starts from  a technologically 
differentiated concept o f  space. D ue to local processes o f  imitation and selective adoption 
routines and com petences between firms in a particular industry tend to converge within 
regions rather than between regions. In explorative learning phases in which diversity plays an 
important role through differentiation and reciprocation as search strategies for new 
combinations, we are unlikely to find all potentially relevant divergent inputs within the 
boundaries o f  the regional environment. In this phase in the cycle o f  discovery, international 
(extraregional) linkages play a determining role in the competitive strength o f  innovating firms. 
Here, explorative learning strategies distinguish themselves from  m ore incremental form s o f  
discovery focused on efficiency gains, refinement and implementation which often evolve in 
regional and national contexts. The role o f  diversity o f  knowledge inputs in learning processes 
is also linked to radical innovation and the introductory and growth phases in the product life 
cycle (Langlois and Robertson, 1995). Because o f  high turnover in firms, the absence o f  a 
dominant design means that necessary information can come from  many directions and, 
therefore, a low cost strategy that econom izes on information costs is not an option. A  loosely, 
globally organized knowledge network is seen as the m ost appropriate coordination m ode to 
take on learning challenges in these circumstances.
It is important to remark that the first two prem ises in the spatial industrial organization o f  
innovation appear to be complete contradictions . In circumstances characterized by high 
uncertainty, the transaction cost perspective predicts spatial concentration, whereas in the same 
context, competence based approaches predict interactive learning communities connecting 
differing com petences at international scale. However, these spatial m echanism s do not 
necessarily contradict each other. A ccording to Lhuillery and Pfister (2009, p. 47), engagement 
in international R & D  partnerships is characterized by both a high risk profile in the light o f  
communication difficulties and a high value since generally collaborating firms scanning the 
globe have access to a divergent set o f  technologically advanced com petences, whereas 
domestically constrained firms are only able to tap from  the com petences within the national 
system o f  innovation. For multinational enterprises, an international research presence can be 
consistent with the idea o f  local search (Ahuja and Katila, 2004, p. 903). Another interpretation 
stems from  M anshanden (1996) who presupposes a trade-off between transaction costs 
associated with local interaction and transaction costs associated with extraregional 
(international) interaction. In this view the region serves as coordination arena for project
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markets which require flexible relations in ways that partners can be found and dropped 
according to the current market situation (Maskell and Lorenzen, 2004, p. 995). Transaction 
synergies induced by clustering provide advantages which can be invested to overcome 
transaction hurdles in international interaction to gain access to strategic com ponents which 
often are not available in the regional environment.
Thirdly, the framework o f  spatial industrial organization starts from  a structuring role o f  the 
regional environment on the economic organization o f  innovative activities. Regionally 
em bedded institutional arrangements can help to overcome problem s o f  insufficient 
econom ies o f  scale and scope within small and medium-sized firms. However, the same 
arrangements that can act as a catalyzing factor, can also ham per learning through lock-in. A s 
discussed earlier, the em phasis on institutional arrangements implies a danger o f  tautological 
reasoning. T o  the extent that the institutional environment prom otes regionally em bedded 
collective learning, the region can be conceived as a structuring arena for collective learning 
processes. Reasoned from  the more generic, homogenizing approach o f  agglomeration 
theory26, for innovative firms the chance o f  finding suitable complementary com petences is 
higher in urban agglomerations than it is in peripheral settings because o f  external econom ies 
o f  scale. M oreover, urban agglomerations offer time proximity which is facilitated by 
geographic proximity to hub airports (Simmie, 2002). The concept o f  time proximity is built on 
the international exchange between innovative hot spots, which serve as knowledge hubs in 
international knowledge exchange. Apart from  the institutional environment and 
agglomeration econom ies, the distance o f  state-of-the-art knowledge in the regional and 
national system o f  innovation to the technological frontier plays a contingent role (Brokel, 
2008). Since evolutionary perspectives emphasize the stickiness o f  innovative capabilities, 
international cooperation can provide access to country-specific advantages. In this sense, 
international R & D  collaboration can be seen as a vehicle for tapping into state-of-the-art 
com petences (Miotti and Sachwald, 2003).
In short, the perspective o f  the spatial industrial organization o f  innovative activities departs 
from  three theoretical propositions all focusing on the spatial scope o f  learning interaction in 
innovative networks. The first deals with the positive connection between distance and 
transaction costs. The second deals with the differing scope in stages o f  exploration and 
exploitation, which also connects to contingencies in the character o f  innovation (radical 
versus incremental improvements) and the stage in the product life cycle. The third deals with 
the contingent role o f  the regional environment through institutional back-up, external 
econom ies o f  scale and scope in urban agglomerations and distance to the technological 
frontier.
26 See Section 2.3 for a characterization o f  bo th  hom ogenizing and particularizing approaches. See B ox
2.1 for a short characterization o f  agglom eration theory.
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It m ust be em phasized that these theoretical propositions are to be seen as a crude 
generalization o f  the spatially structuring processes in innovative networks as they reveal 
themselves in everyday reality. We have to be cautious in interpreting the notion o f  space. The 
positive connection between distance and transaction costs applies to different conceptions o f  
space which may act as communicating vessels in the sense that, for instance, distance in a 
geographical sense can be com pensated by proximity in an organizational sense. Additionally, 
both  Langlois and Robertson (1995) and N ooteboom  (2000) stress the importance o f  a wide 
array o f  contingencies that might prove relevant in the organization o f  innovative activity. 
Im portant contingencies concern the character and scope o f  the innovation, the nature o f  
technological development, appropriability regimes, stage in the product life cycle and cycle o f  
discovery and characteristics o f  the institutional environment. Although, given these 
contingencies, the resulting spatial patterns o f  industrial organization are hard to predict, the 
underlying spatially discriminating mechanisms outlined in this section are supposed to exert a 
generic impact.
Because o f  the contrasting im pact o f  transaction costs and com petence-based arguments, the 
simultaneous importance attached to regional and international connections in recent territorial 
innovation m odel contributions (see for instance Bathelt et al., 2004) does not com e as a 
surprise. This is in line with the ‘network o f  networks’ perspective brought forward by 
Langlois and Robertson (1995, p. 139) which draws on the widest possible range o f  
information available, consistent with reasonable costs o f  information collection and 
processing.
However, apart from  the character o f  the framework o f  spatial industrial organization as a 
crude generalization o f  contingent reality, the limitations also have to be kept in mind. The 
framework o f  spatial industrial organization is exclusively preoccupied with the spatial scope o f  
innovative networks. Recent insights in economic geography emphasize the importance o f  
regional determinants in innovation processes which are not directly linked to network 
interaction (Maskell and Lorenzen, 2004). In these contributions, clustering is seen as a mode 
distinct from  network building through which organized project markets are coordinated27. 
Knowledge dissemination not only occurs through networking, but predominantly through 
watching, discussing and com paring dissimilar solutions, that clustered firms becom e engaged 
in, in the process o f  continuous im provem ents on which their survival depends (Maskell, 
2001b, p. 929). D issem ination m odes such as informal face-to-face interaction, or buzz and job 
hopping, which all play an important role in collective regionally em bedded learning processes, 
do not take up a prominent position in the framework o f  spatial industrial organization but 
play a complementary role in relation to network coordination (Visser, 2009).
27 A s M askell and Lorenzen (2004, p. 995) state: “ With high levels o f  uncertainty, it m akes little sense for 
firm s to engage in netw ork building with what will soon  becom e yesterday  s partners.”
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D espite the shortcomings addressed above, the framework o f  spatial industrial organization 
seem s to effectively address the spatially discriminating determinants underlying the spatial 
scope o f  innovative networks. Theoretical arguments based on a combination o f  insights in 
industrial organization and economic geography, are generally in line with achievements in 
international management. The framework o f  industrial organization is in line with the criteria 
outlined in Section 2.4. In order to fulfil the research aim to improve the insight in spatial 
dimensions in innovation processes on a broader basis than just case descriptions o f  best 
practices, spatial arguments at the micro level o f  the firm should be based on a broad 
population o f  innovating firms, should not be confined to specific territorial units beforehand 
and should take into account contextual factors. The framework o f  spatial industrial 
organization com plies with these criteria. It is based on a broad population o f  firms engaged in 
collaborative innovation strategies. It distinguishes between different form s o f  space and 
focuses on the spatial scope o f  innovative network linkages at the level o f  the individual firm. 
It takes into account different contingencies as structural contexts for interactive learning. 
Contingencies relate to the character o f  innovation, stages in the cycle o f  discovery, phases in 
the product life cycle and features o f  the regional environment. Although the framework puts 
strong em phasis on network linkages, other dissemination mechanisms can be integrated in the 
framework through characteristics o f  the regional environment in which the firms under 
consideration are situated.
In Section 3.1 the need is addressed to develop theoretical arguments, complementary to 
territorial innovation m odels, at the level o f  the individual firm by im proving insight o f  the 
underlying processes o f  innovation at the level o f  individual and corporate agents and their 
interactions. The conclusion o f  this chapter is that the framework o f  spatial industrial 
organization provides these complementary theoretical arguments. A s reported in Chapter 2, 
territorial innovation m odels explain regional sustained competitive advantage, predominantly 
through particularizing approaches, on the basis o f  regional synergies in innovation processes 
built on institutional thickness. Through a homogenizing lens, regional competitive advantage 
is explained by the geography o f  innovation school based  on the existence o f  regional 
knowledge spillovers. A s argued in this chapter, the fram ework o f  spatial industrial 
organization provides a complementary insight in the underlying spatially discriminating 
processes at the level o f  the individual firm. Before empirically engaging in the theoretical 
arguments outlined in Chapters 2 and 3, the research framework is elaborated in Chapter 4. 
Here, apart from  theoretical considerations, m ethodological considerations are assessed in 
relation to past research endeavours.
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4 M ethodological issues
4.1 In trod u ction
Whereas Chapters 2 and 3 focus on theoretical insights on spatial dimensions o f  innovation, 
this chapter focuses on the formulation o f  hypotheses as a guideline for empirical research that 
provides added value to existing insights. This chapter is based on the conviction that 
possibilities for research not only depend on theoretical arguments, but are also related to data 
availability, operationalization and analytical considerations. In this context, much can be learnt 
from  past research practices, which are extensively dealt with in this chapter. The structure o f  
this study differs from  the traditional research framework in which research design usually is 
reported. Whereas conventional approaches build research on a sequential elaboration o f  the 
m otives to conduct research, the research aim, research questions, the theoretical and analytical 
framework, the m easurem ent o f  theoretical concepts and empirical assessm ent o f  hypotheses, 
in this study the results are reported in a different sequence, based on an iterative strategy in 
the formulation o f  hypotheses.
Chapter 1 focuses on the research motive and the formulation o f  the research ambition. Here, 
the choice is made to conduct research on the basis o f  hom ogenizing research strategies. 
Chapters 2 and 3 focus on theoretical accounts o f  prime importance in studies on spatial 
dimensions o f  innovation. In this chapter, the research aim is elaborated in Section 4.2. In 
Sections 4.3 and 4.4 past research practices within a hom ogenizing research tradition are 
highlighted. One o f  the conclusions drawn concerns advantages in terms o f  response o f  the 
use o f  secondary data material in relation to data derived from  surveys held on an ad hoc basis. 
In Section 4.3 attention is paid to the m easurem ent o f  innovation and other knowledge 
econom y aspects. In Section 4.4 the focus lies on the representation o f  spatial dimensions o f  
innovation in past research practices. In Section 4.5, on the basis o f  theoretical considerations, 
possibilities o f  secondary data sources and considerations made in relation to state o f  the art 
research practices in empirical research endeavours, possibilities for im proved insight are 
explored (Section 4.5.2). Based on these possibilities, in the remainder o f  Section 4.5 the 
research design is framed. Central concepts in the research ambition are defined and delineated 
in Section 4.5.3. Section 4.5.4 focuses on the issue o f  the unit o f  analysis. In Section 4.5.5 the 
population under consideration is delineated and the research questions and hypotheses are 
given in Section 4.5.6. These hypotheses form  the basis o f  the empirical analyses reported in 
Chapters 5 and 6.
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4.2 R e se a rc h  aim
In Section 1.1 the two cases Silicon Valley and Em ilia-Rom agna are reported as best practices 
o f  regional growth wonders based on collective synergies in innovation processes. Although 
regional success stories offer convincing arguments to take regional determinants o f  
innovation as an important input for economic policy initiatives, best practices in Silicon Valley 
and Em ilia-Rom agna are hard, i f  not im possible, to replicate elsewhere. Therefore, in Section 
1.2, the research aim is articulated as stated in Box 4.1.
B ox 4.1 Research aim
The goal o f  the research is to im prove insight in the spatial dim ensions o f  innovation p rocesses on 
a broader basis than ju st case descriptions o f  best practices in successful exam ples o f  regional 
grow th w onders as input for policy initiative.
T o arrive at a broader theoretical understanding o f  these best practices, territorial innovation 
m odels have been developed, which are elaborated in Chapter 2. However, as can be 
concluded from  the critical evaluation in Section 2.3, territorial innovation m odels 
predominantly depart from  a particularizing approach in explaining regional economic 
development, placing central emphasis on place- and time-specific socio-econom ic 
contingencies. An increased sensitivity to differences in place and time, between regions, 
transactions, networks and agents, bears the danger that particularizing m odels are difficult to 
interpret in terms o f  general applicable theories. Hence, a disadvantage o f  bottom -up 
approaches concerns the m inor importance attributed to generalization. A s McCann (2007, p. 
1211) argues, this disadvantage especially weighs heavily in the contemporary policy context in 
industrialized countries, where evidence-based ex ante policy design and ex post policy 
evaluation have increasingly becom e the norm. Given the research aim stated above, this study 
therefore takes a hom ogenizing approach. H om ogenizing approaches like the geography o f  
innovation provide potential, in the sense that studies are built on broad populations o f  
regional econom ies on the basis o f  which the existence o f  regional knowledge spillovers is 
tested (Döring and Schnellenbach, 2006). From  a hom ogenizing perspective, the existence o f  
knowledge spillovers at a regional level can be seen as a first precondition fo r the general 
validity o f  territorial innovation m odel arguments. However, the existence o f  knowledge 
spillovers does n ot necessarily provide insight in the underlying interaction m echanism s at the 
level o f  individual and corporate agents and their interactions (Howells, 2002). T o  address this 
theoretical gap, in Chapter 3 a complementary theoretical framework o f  the spatial industrial 
organization o f  innovation is developed, which assesses spatially discriminating mechanisms at 
individual firm level. Given this approach, the research aim can also be read as the ambition to 
shed light on territorial innovation m odels through a hom ogenizing lens, constructed on the
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basis o f  theoretical insights derived from  both the geography o f  innovation school and the 
framework o f  the spatial industrial organization o f  innovation.
Although the theoretical background already provides important clues to elaborate the research 
aim stated above in more concrete terms, firstly, in the subsequent paragraphs, an overview is 
given o f  the secondary empirical material. In Section 4.3 an overview is given o f  indicators 
often used in generically designed surveys on innovation. Section 4.4 focuses on empirical 
research endeavours that employ a quantitative research design based on a homogenizing 
research strategy. On the basis o f  theoretical considerations and practical considerations 
concerning data availability, both in relation to past research endeavours, an outline o f  the 
analytical framework is given in Section 4.5. In this section, on the basis o f  theoretical and 
empirical opportunities for im proved insight in spatial dimensions o f  innovation, research 
questions and hypotheses are framed, and analytical issues such as the choice o f  the unit o f  
analysis are dealt with.
4.3 M e asu rem en t o f  inn ovation 28
4.3.1 Introduction
This section focuses on the strength and weaknesses o f  innovation indicators. Historically, the 
m ost widely used indicators o f  innovation are expenditures in R & D  and patenting. The m ost 
widely used indicator on educational attainment is the num ber o f  highly educated employees, 
as a share in total employment. There is wide agreement that publicly available, internationally 
comparable and reliable data on innovation and technological change are extremely scarce, and 
that, as a consequence, theoretical hypotheses have been poorly examined and political 
decision-making has often been guided by intuition rather than analysis (Kleinknecht et al., 
2002).
4.3.2 Research and development
R & D -efforts usually are measured by expenditures on R & D  as a share in firm’s total revenues. 
As an alternative, a number o f  studies focus on R & D  personnel, m easured in relation to total 
employment. D ata on R & D  have been collected from  the 1950s onwards. Today, they still can 
be considered the m ost popular innovation indicator. D ata are frequently used by policy 
analysts for inter-country, inter-industry and inter-firm com parisons (Kleinknecht et al., 2002, 
p. 110). International harmonization is a strong point o f  this indicator through standardization 
o f  data collection on the basis o f  the Frascati Manual (O E C D , 2002). The main disadvantage is 
that R & D  is an input indicator o f  the innovation process. Since a large share o f  R & D  efforts 
does not find its way into the commercial introduction and use o f  new products, processes and 
services, patterns in R & D  cannot be put on par with patterns o f  innovation used in a
28 Parts o f  this section draw heavily on contributions o f  Brouw er (1997), which are sum m arized in 
K leinknecht et al. (2002).
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Schumpeterian sense. Schum peter’s (1949) definition relates directly to the economic 
exploitation o f  (technological and non-technological) novelties. Furthermore, R & D  is only one 
aspect o f  the input side o f  innovation processes (Kleinknecht et al., 2002, p. 110). Other inputs 
include design, trial production, market analysis, training o f  employees and investments in 
fixed assets. Brouwer and Kleinknecht (1997) estimate the relative share o f  expenditures in 
R & D  as only one quarter o f  total innovation expenditures. A  third shortcom ing o f  R & D  as an 
indicator o f  innovation is that R & D  tends to be manufacturing biased and therefore tends to 
underestimate innovation in services (Kleinknecht et al., 2002, p. 111). Distinguishing regional 
patterns o f  R & D  is problem atic, since com panies often report R & D  to the holding company 
(Kleinknecht et al., 2002, p. 112). On the other hand, in decentralized multi-plant firm s, units 
do not necessarily have to perform  R&D-activities to take advantage o f  R & D  perform ances o f  
other conglom erate parts.
4.3.3 Patenting
As an output measure o f  innovation, patents are widely used. Long time series which 
distinguish detailed technical fields are widely available and time series show only minor 
disturbances by occasional changes o f  patent laws or by m ajor law court decisions. According 
to Kleinknecht et al. (2002, p. 112) the use o f  patent data can be considered a second-best 
solution, com pared to R & D . Patents m iss out many non-patented inventions. O n the other 
hand, many patents are never translated into commercially viable products or processes, 
especially since patent applications are often based on strategic, defensive behaviour. A lso, it 
has often been argued that the propensity to patent differs across industries depending on the 
relative costs o f  innovation versus imitation, which are determined to a large extent by 
appropriability conditions. Firm s do not consider patents the m ost important means o f  
protection against imitation o f  inventions. Factors such as time lead on com petitors and 
secrecy tend to rank much higher. M oreover, as Griliches (1990) points out, patents relate 
more to inventions than to the economic concept o f  innovation. O n the basis o f  an empirical 
study on the propensity to patent, Brouw er and Kleinknecht (1999) have revealed four types o f  
systemic mistakes, namely underestimation o f  innovation in low technological opportunity 
sectors, overestimation o f  innovation in firms collaborating on R & D , underestimation o f  the 
rate o f  small firms that innovate and, finally, overestim ation o f  the innovation intensity o f  
small-sized patent holders.
4.3.4 Employment in technology- and knowledge-intensive sectors
In situations where it is not possible, difficult or costly to measure R & D  directly, an indirect 
measurem ent is applied which focuses on industry structure. The principal activity o f  the firm 
can be considered an important determinant o f  innovative capability. Studies which apply 
indirect m easurem ent techniques on innovation concepts predominantly adhere to medium- 
and high-tech manufacturing firms and high-tech and knowledge-intensive services. According 
to the European Com m ission (2004) high-technology firms are vital to the competitive 
position,
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“because they are associated with innovation and hence tend to gain a larger 
market share, create new product markets, and use resources more productively; 
they are linked to high value-added production and success in foreign markets, 
which sometimes helps to support higher returns to the workers they employ; 
the industrial R & D  they perform  has spillover effects which benefit other 
commercial sectors by generating new products and processes, often leading to 
productivity gains, business expansions, and the creation o f  high wage jobs.”  
(European Com m ission, 2004, p. 110)
Table 4.1 Intensity o f  research and developm ent in O E C D  countries, 1991 to 1999
IS IO S e cto r In ten sity
(P P P )
High-technology industries
353 Aircraft and spacecraft 13.3
2423 Pharm aceuticals 10.5
30 O ffice, accounting and com puting m achinery 9.2
32 Radio, television and telecom m unication equipm ent 8.0
33 M edical, precision and optical instrum ents 7.7
Medium-high-technology industries
31 Electrical m achinery and apparatus n.e.c. 3.9
34 M otor vehicles, trailers and semi-trailers 3.5
24 (excluding 2423) Chem icals, excluding pharm aceuticals 3.1
352, 359 Railroad equipm ent and transport equipm ent n.e.c. 2 .9
29 M achinery and equipm ent n.e.c. 2.1
Medium-low-technology industries
351 Building and repairing o f  ships and boats 1.0
25 Rubber and plastic products 0.9
23 Coke, refined petroleum  products and nuclear fuel 0.9
26 O ther non-m etallic m ineral products 0.9
27, 28 Basic m etals and fabricated m etal products 0.6
Source: O E C D  (2005a, p. 181)
i IS IC  is the international standard o f  the United N ations for classification o f  econom ic activities. The 
first two digits correspon d with the first two digits o f  the N A C E  classification which is the standard 
classification for the E uropean  U nion
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The standard approach in delineating high- and medium-tech sectors is based on the intensity 
o f  expenditures in R & D  as a share in total revenues (O E C D , 2005a). The O E C D  categories o f  
high-technology, m edium high-technology, medium  low-technology and low- technology 
manufacturing industries are based on the United N ations’ ISIC-classification (see Table 4.1).
Indirect m easurem ent o f  innovation has three important disadvantages. Firstly, it is based on 
expenditures in R & D , which is an input measure o f  innovation (see also the section on R& D ). 
Secondly, the use o f  figures on industry mix as indicator for innovation, implies that every 
company, active in a certain sector, has an innovation perform ance that is equal to other 
com panies active in that sector. Thirdly, a clear-cut scientifically accepted definition o f  high- 
and medium-tech activities does not exist. Apart from  R & D , in a num ber o f  studies other 
factors are also taken into account, such as capital intensity, (international) relations between 
industries and universities and export orientation (Gehrke and G rupp, 1994). The main 
advantage o f  indirect m easurem ent o f  innovation in terms o f  high- and medium-technology 
sectors is the wide data availability. Sectoral aggregates o f  num bers firms and employment are 
available in lengthy time series, although the detailed structure o f  the third ISIC  breakdown is 
not always publicly available, especially when regional figures are concerned. Therefore, 
Eurostat uses a more broad classification based on the N A C E  2-digit level o f  aggregation. The 
classification o f  Eurostat is based on knowledge intensity, high-technology usage and market 
orientation (European Com m ission, 2004, p. 151). Although Eurostat’ s classification 
com prises three, instead o f  four categories (high-technology, medium-technology and low- 
technology industries) and is based on aggregates at less detailed levels, data on high- and 
medium-technology are, in these terms, publicly available at the regional level o f  N U T S-2 in 
the m em ber states o f  the European Union. For new m em ber states, however, only the m ost 
recent data are available.
The delineation o f  high technology service sectors is even m ore problematic (O E C D , 2005a, p. 
166). Based on the analysis o f  users o f  em bodied technology, R&D-intensity o f  service sectors 
and the com position o f  workforce skills by activity p ost and telecommunications (ISIC  64) 
finance and insurance (ISIC 65 to 67) and business activities (real estate not included - ISIC  71 
to 74) are considered knowledge intensive market services. Unfortunately, p ost and 
telecommunications cannot be separated for m ost countries. Eurostat also includes public 
sectors in knowledge-intensive services and distinguishes knowledge-intensive services in high­
technology services and other knowledge-intensive services. T o  summarize, the delineation o f  
high-technology sectors is still under debate and strongly depends on the (changing) 
possibilities o f  underlying data availability and the design o f  questionnaires and surveys. A s a 
result, different empirical classifications exist in the literature for high-technology industries in 
manufacturing and service sectors. For instance, Bade and Nerlinger (2000) differentiate 
between top-tech industries, high-tech industries and high-tech services, Nijkam p (1986) 
introduces a classification o f  new technology sectors based on the criterion o f  product design 
and Alders and D e Ruijter (1985) focus on high-potential economic activities with strong 
developm ent prospects.
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4.3.5 Educational attainment
Educational attainment is defined as the highest grade com pleted within the m ost advanced 
level attended in the educational system o f  the country where the education was received 
(O E C D , 2003). The m easurem ent o f  educational attainment is based on the International 
Standard Classification o f  Education (ISC E D ). Higher educational attainment com prises 
ISC E D  categories 5 to 7 that are based on the years o f  educational attainment. The third level 
(ISC E D  5 to 7) is defined by a total o f  17 or 18 years o f  educational attainment.
A  wide array o f  studies has revealed the positive relation between schooling and growth (see, 
for instance, Barro, 1991; Benhabib and Spiegel, 1994). Partly, this is a consequence o f  the 
transition from  a modernized industrial society to a service-based economy, which implies a 
shift from  manual strength and capabilities to communicative skills, information processing 
com petences and intellectual capabilities. High education levels contribute to productivity 
levels because human capital is a necessary factor in innovation processes. Although education 
only partly relates directly to innovation, the education level is considered to be the basic 
indicator o f  knowledge and application o f  human capital in the production process. Therefore, 
the availability o f  data on education levels is high. Lon g time series are widely available, and 
aggregations at regional level are widely available. However, for studies on innovation, it is 
important to remark that education relates only loosely to innovation. A  wide range o f  
occupations (basic teaching; legal professions) are n ot necessarily heavily involved in 
innovation strategies but do dem and high education levels. M oreover, educational attainment 
is an im perfect proxy for human capital since educational systems differ across countries which 
necessarily puts limits on the international comparability o f  education data (Lee and Barro,
2001).
4.3.6 Human Resources in Science and Technology
Related to educational attainment is the m easurem ent o f  human resources devoted to science 
and technology (HRST). The definition o f  H R ST  is based on two dimensions, qualification 
and occupation (O E C D , 2005b). The qualification dimension inform s on the supply o f  H R ST, 
whereas the occupation dimension is related to the dem and for H RST. The com bined 
definition reads that H R ST consist o f  people who fulfil one or several o f  the following 
conditions (O E C D , 2005b, p. 16): 1) successfully completed education at the third level in a 
study in a science and technology related field; 2) not formally qualified as above, but 
em ployed in a science and technology occupation where the conditions under 1) are normally 
required. The concept o f  H R ST  is widely used, for instance in studies on (international) job 
mobility o f  highly skilled personnel (see Graversen and Friis-Jensen, 2001).
4.3.7 Product announcements
In reaction to the inefficiencies o f  expenditures in R & D  and patenting, direct m easures o f  
innovation were developed during the 1980s. The Futures G roup for the US Small Business 
Administration has collected data on new product announcements in trade and technical 
journals, an effort which has lead to a num ber o f  studies which take the direct introduction o f
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new products and services as a basis for the m easurem ent o f  innovation (see for instance Acs 
and Audretsch, 1990). This type o f  m easurem ent has several advantages over R & D  and 
patenting. Kleinknecht et al. (2002, pp. 115-116) present a summary o f  important advantages 
and shortcomings. Firstly, in postal surveys, small firms with less than 10 or 20 employees are 
often neglected to keep survey costs within reasonable limits, whereas the m ethod o f  scanning 
trade journals does not discriminate for firm size. D ata collection is not confined to 
manufacturing. Furthermore, since new products are assigned to the unit that is responsible for 
the market introduction itself, reliable regional disaggregating o f  data is possible. However, this 
m ethod also suffers from  important weaknesses. Standard statistical procedures are not 
applicable, since it is not possible to define a clearly delineated sample and population. Public 
relations policies o f  innovating firms can influence the outcom es o f  data collection. More 
importantly, process innovations are, in general, not adequately covered through new product 
announcements.
4.3.8 Input, throughput and output indicators of innovation
In reaction to shortcomings in traditional indicators o f  innovation and building on theoretical 
advances in the chain-linked m odel (Rosenberg and Kline, 1986), interactive learning processes 
(Lundvall, 1988) and the system perspective on innovation (Edquist, 1997), m odern indicators 
o f  innovation have been developed by distinguishing between input, output and throughput 
indicators o f  innovation. O n the basis o f  m odern innovation indicators, innovation is not 
solely considered to be dependent on ‘linear’ determinants o f  learning as expenditure on in­
house R & D  and patent applications, but is analyzed within a framework in which interaction 
and knowledge diffusion play an important role. A s elaborated in Section 1.1, substitution o f  
the linear m odel with the chain-linked m odel is more capable o f  empirically capturing 
interactivity in innovation processes.
The Community Innovation Survey, following the O slo Manual (O E C D , 1997), distinguishes 
between input, throughput and output indicators o f  innovation. Input indicators focus on 
investments in innovation, output indicators focus on the results o f  innovation processes and 
throughput indicators focus on the interactive character o f  innovation processes. In the survey 
a company is considered innovative if  it was able to develop an d /o r implement technologically 
new products an d /o r processes during the period under consideration. Apart from  the 
inclusion o f  questions on the importance o f  information sources and partnership to capture 
interactivity and feedback loops in innovation processes, an im portant advantage o f  the use o f  
the Innovation Survey concerns the m easurem ent o f  innovative output. In the Innovation 
Survey, innovation is defined as the developm ent o f  technologically new or im proved products 
an d /o r the implementation o f  technologically new or im proved processes. Apart from  a 
distinction between product and process innovations, imitative product innovations are 
distinguished from  product innovations new to the market. The m ost im portant advantage o f  
the use indicators in the Community Innovation Survey in com parison with traditional 
indicators is that innovative output is directly measured. Additionally, the m easurem ent o f  total 
innovation expenditures as input indicator provides a more complete understanding o f
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investments in innovation than can be achieved solely on the basis o f  expenditures in R& D . 
Innovation surveys based on the O slo Manual have been evaluated intensively (see for instance 
Guellec and Pattinson, 2001; H olbrook and Hughes, 2001; Mairesse and Mohnen, 2001; 
Tether, 2001; Salazar and H olbrook, 2004) and have n ot been excluded from  critical 
observations. A s Kleinknecht et al. (2002, p. 115) argue, the interpretation o f  survey results in 
terms o f  output indicators m ust be approached with caution. Inter-country com parisons are 
highly influenced by cultural differences in the interpretation o f  what can be considered to be 
‘new’. In the interpretation o f  sectoral differences the length o f  life cycles determines to a large 
extent the rate o f  product innovation. Furthermore, in interpreting the num ber o f  innovations 
new to the market, one has to bear in mind the market orientation o f  com panies (Brouwer and 
Kleinknecht, 1996). The m ost important criticism on the first round o f  surveys held concerns 
the strong focus on ‘hard’ technology in manufacturing firms, whereas soft non-technological 
innovations like strategy, design and marketing, more important to service companies, are 
neglected (Djellal and Gallouj, 1999; H olbrook and Hughes, 2001; Tether, 2001). Subsequent 
innovation surveys put more emphasis on service innovations and future im provem ents are 
explored (see for instance D e Jo n g  et al., 2007). Salazar and H olbrook (2004) bring up the 
lengthy character o f  the innovation survey, a point especially o f  relevance for countries with 
relatively low response rates, like the United K ingdom , Ireland, Germany and Belgium 
(Evangelista et al., 2001, p. 736).
Com pared to other postal surveys, in m ost countries response figures to the Innovation Survey 
are relatively high. With the exception o f  Spain and the United K ingdom , response rates clearly 
outperform  the usual response rate in surveys held on an ad hoc basis (Evangelista et al., 2001, 
p. 736). Additionally, regional disaggregating is more easily accomplished than in case o f  
traditionally designed R & D  surveys, since large firms respond to innovation surveys at rather 
disaggregated levels o f  business units or subsidiaries (Kleinknecht et al., 2002, p. 114). 
However, in identifying regional patterns o f  innovation, the use o f  the Innovation Survey is 
still limited by the choice o f  geographical units in the analysis. Complications occur since 
stratified sampling procedures do not always take business location as a basis for strata upon 
which the sam pling procedure is built (De Jo n g  and Sluiter, 2009). M oreover, due to the 
complication that the administrative location o f  com panies’ headquarters can lead, in some 
cases, to biased results for multi-establishment com panies, it is not always possible to report on 
regionally aggregated innovation figures on the basis o f  the Community Innovation Survey29.
29 H ow ever, in som e countries, prom ising endeavours have been reported. In  1999 Statistics N etherlands 
(1999) conducted a study on the level o f  D u tch  provinces (N U T S-2  level regions). Im portant outcom e 
was that the results o f  C IS 2 can be disaggregated regionally bu t only in so far small and m edium -sized 
com panies are concerned. In  large com panies innovation is often  carried out in an unknow n division o f  
labour betw een various branch plant locations. Since this division o f  labour is unknow n to the researcher 
and for large com panies regularly goes beyond the boundaries o f  the province, the research endeavour in 
1999 was only carried out for sm all and m edium -sized com panies. A lthough in the C IS 2 business 
location  is given in term s o f  D u tch  provinces, results have to be interpreted with caution. In  2009, by 
assignm ent o f  E con om ic A ffairs, Statistics N etherlands conducted a feasibility study on the possibility to
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4.3.9 Summary
There is a wide range o f  indicators o f  innovation available, each with its own advantages and 
shortcomings. Traditional indicators have the advantage o f  wide availability, but cover only 
one o f  many relevant aspects in the innovation process. Regionally aggregated data on R & D , 
patent applications, educational attainment and human resources in science and technology, are 
provided by Eurostat. M odern indicators based on elaborate innovation surveys have the 
advantage o f  covering many aspects which deal with the interactive nature o f  innovation, but 
are — according at least to some — still in their infancy and leave room  for further 
improvement. The m ost im portant evaluative remarks focus on international comparability 
and on technological aspects o f  innovation. Nevertheless, in recent surveys non-technological 
aspects o f  innovation receive stronger attention. In com parison with traditional indicators, 
m odern indicators show a remarkable im provem ent in their connection with m odern chain- 
linked approaches on innovation. Regional aggregates o f  the Community Innovation Survey 
are, as yet, difficult to compile and, therefore, availability at the regional level is extremely 
limited. A s an alternative, a proxy can be made on the basis o f  indicators on production 
structure, in terms o f  high-technology and knowledge intensive manufacturing and service 
industries, which apparently connect positively to direct indicators o f  innovation (see B ox 4.2). 
As a disadvantage, the use o f  figures on industry mix as indicator for innovation is based on 
the assum ption that every company, active in a certain sector, has an equal perform ance, in 
terms o f  innovation, com pared to other com panies active in that sector. Therefore, indirect 
measurem ent o f  innovation through industry structure can only be applied as a second-best 
alternative to direct innovation indicators.
B ox 4.2 Indirect m easurem ent o f  innovation
Indirect m easures o f  innovation through production  structure stand in positive relation to direct 
m easurem ent o f  innovation. In  T ab les I and II som e aggregated key figures on input and output 
indicators o f  innovation are given for high-technology and knowledge-intensive sectors in 
m anufacturing and service industries. B oth  Table I, which focuses on  m anufacturing firm s, and 
Table II, focusing on service firm s, indicate the positive relation, as expected, betw een direct and 
indirect m easurem ent o f  innovation and know ledge intensity. H igh-technology firm s, bo th  in 
m anufacturing and service industries, score relatively high on innovation intensity (the share o f  
innovative com panies in total population), R & D -person nel (the share o f  R & D -em ployees in the 
total num ber o f  em ployees) and academically educated em ployees (the share o f  academically 
educated em ployees in the total num ber o f  em ployees). Similarly, m edium  high-technology
produce regionally aggregated results for the m ain input, throughput and output indicators (D e Jo n g  and 
Sluiter, 2009). R esults are prom ising in the sense that publication o f  regionally disaggregated figures on 
the basis o f  the Com m unity Innovation Survey is expected early 2010. A lso , in other countries the 
regional dim ension o f  innovation is explored on the basis o f  the Com m unity Innovation Survey (see 
Evangelista et al., 2001; 2002 for the Italian experience, Sim m ie, 2003; 2004, for applications in the 
United K in gdom  and D oloreux , 2002 for a study on Sw edish regions).
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m anufacturing firm s and know ledge intensive firm s in service industries score higher on these 
direct m easures o f  know ledge intensity and innovation than low -technology or knowledge- 
extensive industries.
Table I Innovation (innovative com panies as a share in total firm  population), R & D
(R & D -personnel as a share in total em ploym ent) and academ ics (academically 
educated em ployees as a share in total em ploym ent), by  high-, m edium - and low- 
technology m anufacturing sectors, the N etherlands, 1998 to 2000
H ig h ­
te c h n o lo g y
M e d iu m ­
te c h n o lo g y
Low -
te c h n o lo g y
% % %
Innovative com panies 53.5 46.6 35.9
R & D -person nel 7. 5.8 1.3
Academ ically educated em ployees 10.3 5.4 3.7
Source: T N O , on the basis o f  Statistics N etherlands, C IS 3
Table II  Innovation (innovative com panies as a share in total firm  population), R & D
(R & D -personnel as a share in total em ploym ent) and academ ics (academically 
educated em ployees as a share in total em ploym ent), by high-technology, 
knowledge-intensive and other service sectors, the N etherlands, 1998 to 2000
H ig h ­
te c h n o lo g y
K n o w le d g e ­
in te n siv e
O th er
% % %
Innovative com panies 52.5 29.1 27.1
R & D -person nel 3.9 0.7 0.3
Academ ically educated em ployees 28.6 15.3 3.9
Source: T N O , on the basis o f  Statistics N etherlands, C IS 3
4.4 P a s t  re search
4.4.1 Introduction
This section gives an overview o f  some typical studies which address the relation between 
innovation and space, on the basis o f  broadly designed surveys. Given the research ambition to 
search for a broader basis than just case studies the overview concentrates on quantitative
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empirical surveys. Specific case studies are left out o f  the analysis. In Chapter 2, reference is 
made to the geography o f  innovation school o f  empirically oriented, broadly designed, research 
practices primarily focused on the United States (Feldman, 1994; Audretsch, 1998; Feldman, 
1999). In this study the empirical focus lies on Europe and the Netherlands30. The first part 
joins innovation studies that focus on spatial dimensions o f  innovation in Europe. The second 
part o f  this section joins innovation studies that concentrate on regions in the Netherlands. It 
is important to note that the aim o f  this section is to shed light on som e typical examples o f  
quantitatively designed studies on spatial dimensions o f  innovation. The overview is not 
intended to be exhaustive.
4.4.2 Research endeavours on European regions
Whereas in the United States, already in the second half o f  the nineties, the geography o f  
innovation school proved productive in the publication o f  analyses based on broadly designed 
empirical surveys, in Europe broadly designed surveys which take into account regional 
dimensions o f  innovation only came firmly o f f  the ground after the millennium change. In 
Table 4.2 some typical exam ples o f  empirical research which focus on European regions are 
given. Publications are classified by the character o f  the indicators on which the analyses are 
based (traditional or m odern indicators on innovation) and the nature o f  the spatial dimensions 
as incorporated in the analyses (regional benchm ark studies, studies focusing on spatial 
spillovers and studies incorporating spatial interaction). A lso, a distinction is made between 
analyses which take the individual firm as unit o f  analysis and publications based on analyses at 
aggregate levels. Analyses which take the individual firm as fundamental unit in the analysis are 
depicted in Table 4.2 in italics.
The majority o f  studies in Table 4.2 take an aggregate perspective in the analysis o f  regional 
dimensions o f  innovation. Research on regional aspects o f  innovation that encom passes the 
European Union is scarce and is, in m ost cases, confined to regional benchmarking o f  
innovation and other aspects o f  the knowledge economy. On the basis o f  regionally aggregated 
data provided by Eurostat, a num ber o f  benchmarking exercises have been carried out, o f  
which the m ost widely known are the regional analyses in the European Innovation 
Scoreboard (Hollanders, 2002; 2003; 2006). Although construction techniques are complicated 
by severe methodological considerations, different aspects o f  the knowledge economy are 
often com bined in one single indicator. In the Regional Innovation Scoreboard, a regional 
com posite innovation index is calculated on the basis o f  education (tertiary education and 
engagement in life-long learning), employment in high-technology and knowledge intensive 
sectors (manufacturing and services) and R & D  (public and business expenditures)31.
30 See Section 4.4 for the underlying arguments.
31 In  the 2003 E uropean  Innovation Scoreboard  (H ollanders, 2003) also use is m ade o f  indicators derived 
from  CIS. H ow ever, validity o f  regional indicators based  on C IS is a problem atic issue, since regions are 
n ot part o f  the sam pling fram ew ork in every E uropean  country. M oreover, as already set out in paragraph
4.2 additional problem s such as the interpretation o f  results obtained from  multiple plant enterprises are
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Table 4.2 Som e typical empirical research endeavours on European regions, by character 
o f  innovation indicators used, character o f  spatial dimensions analysed and unit 
o f  analysisi
R e g io n a l b e n c h m a rk Sp a t ia l sp illo v ers S p a t ia l in te rac tio n
T ra d it io n a l - H ollanders (2002; 2006)
- Cooke and D e  Laurentis
(2002)
- O ughton, Landabaso and
M organ (2002)
- D e  Bruijn and Lagendijk
(2005)
- Pinto (2009)
- Botazzi and Peri
(2003)
- G reunz (2003;
2005)
- M oreno, Paci and
U sai (2005)
- H oekm an, Frenken 
and V an O ort
(2009)
M o d e m - H ollanders (2003) - Sternberg and A rn d t  
(2001)
i m icro-level studies are set in italics; analyses on the basis o f  regionally aggregated studies are set in plain 
typography.
The same m ethod is applied by Cooke and D e Laurentis (2002) on the basis o f  employment in 
high-technology manufacturing and knowledge intensive services, despite the fact that they 
acknowledge that high-technology manufacturing and knowledge-intensive services do not 
naturally overlap geographically (Cooke and D e Laurentis, 2002, p. 15). On the basis o f  these 
indexes, benchm ark studies draw attention to leading regions in the knowledge economy. In 
Cooke and D e Laurentis (2002), Stockholm and London stand out. In the m ost recent 
European Innovation Scoreboard, Stockholm , Oberbayern and Helsinki make up the top three 
(Hollanders, 2006, p. 8). Based on the regional perform ances on the separate indicators, it can 
be concluded that differences based on which regions can be considered leading regions in the 
knowledge economy, are to a large extent caused by differences in the m ethod by which the 
index variables are constructed. For instance, in the 2006 European Innovation Scoreboard, 
the province o f  Brabant dropped from  a fourth place to rank num ber 20, mainly because o f  
changes in m ethodology (Hollanders, 2006, pp. 10-12). However, m ost benchmark studies 
share the same conclusions with respect to the regional distributions o f  knowledge intensive 
activities over Europe. Cooke and D e Laurentis (2002) note that the analysis shows m ajor 
disparities between the Northern and Southern part o f  the European Union (at that time 
consisting o f  fifteen m em ber states). The top twenty knowledge regions are largely accounted
generally n ot accounted for. F o r  instance, Statistics N etherlands has only been  able to report regionally 
aggregated figures exclusively for small and m edium -sized enterprises (Statistics N etherlands, 1999). In  
the 2006 E u ropean  Innovation  Scoreboard, regional data derived from  C IS have been excluded from  the 
analysis.
93
for by Sweden, United K ingdom , Germany and Belgium and the bottom  twenty regions are 
taken up by various Greek, Portuguese and Spanish regions (Cooke and D e Laurentis, 2002, p.
3).
One important conclusion Cooke and D e Laurentis draw from  their analyses is that regions in 
the Northern part o f  Europe are advantaged in terms o f  future growth potential, while regions 
in the Southern m em ber states are lagging well behind. Knowledge poverty is an important 
disadvantage since, in the eyes o f  Cooke and D e Laurentis (2002, p. 5), it implies p oor future 
growth potential. Although expressed in slightly different terms, the same line o f  reasoning is 
followed by Oughton et al. (2002, p. 100). O n the basis o f  correlation analysis a confirmation is 
drawn o f  the so-called regional innovation paradox. Regions that lag behind in terms o f  
welfare need to overcom e their knowledge poverty by increasing innovative activity in order to 
catch-up, actually devote less resources to R & D , even as a proportion o f  gross domestic 
product. It is im portant to note, however, that this question cannot be answered on the basis 
o f  the static patterns. Both a catch-up in terms o f  welfare and an increase in innovative activity 
can only be assessed in a longitudinal, dynamic perspective (see also Section 5.5). Both Cooke 
and D e Laurentis (2002) and Oughton et al. (2002) do not include time series data in the 
analyses and therefore, an empirical validation o f  an R& D -gap cannot be assessed directly on 
the basis o f  their analyses.
Oughton et al. (2002) evaluate regional synergies in innovation processes in terms o f  the 
hypothesis that the region matters as a structuring element in competitive strength. In their 
terms:
“ From  an empirical perspective, there would be a strong justification for 
focusing on regional systems i f  there was more variation across regions in terms 
o f  R & D  and innovation than across nation states.”  (Oughton et al., 2002, p. 99)
O n the basis o f  this argument, Oughton et al. (2002) interpret the results o f  an analysis o f  
variance across 178 N U T S-2 level regions in 12 nations o f  the European Union, as an 
indication o f  the relevance o f  RIS arguments. However, the sizeable differences in knowledge 
inputs and economic output within nations, do not necessarily have to be regarded as an 
indication o f  a systematic relationship between regional knowledge strategies and regional 
economic performance. The only sound conclusion that can be drawn from  the results, given 
the high value o f  F , is that nations matter strongly. Triggered by this observation D e Bruijn 
and Lagendijk (2005) analyse the structural im pact o f  nations and knowledge region types, 
derived on the basis o f  cluster analysis, on regional differences in welfare. The analysis leads to 
mixed results. O n the one hand, a structural im pact o f  knowledge region types on welfare is 
significant. O n the other hand, the im pact o f  the national environment clearly outweighs the 
im pact o f  knowledge region type, especially when the developm ent over the years from  1995 
to 2000 is considered. This result m ight be connected to the relatively short time frame under 
consideration. On the short term, business cycles driven by fluctuations in dem and blur the
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im pact o f  more structural effects, which run through the supply side o f  the economy. This type 
o f  analysis is repeated in Section 5.4 with competitive advantage as dependent and based on a 
time series o f  eleven, instead o f  the relatively short time frame o f  six years. In the above, under 
the heading o f  regional benchmark contributions, space is conceptualized through regional 
specialization in knowledge intensive activities. However, regional specialization in knowledge 
intensive activities does not necessarily have to point to a causal relation o f  competitive 
strength to explicitly spatial attributes. Regional specialization in knowledge intensive activities 
does not necessarily have to relate to synergies external to the firm (see also H oover’s, 1948 
contribution on (quasi-)agglomeration econom ies internal to the firm touched upon B ox 2.1).
In the regional knowledge production function approach, knowledge inputs are transform ed 
into knowledge outputs. Regional application o f  the knowledge production function is 
introduced by Ja ffe  (1989) and followed up by proponents o f  the strongly empirically based 
school o f  the geography o f  innovation (Döring and Schnellenbach, 2006). Publications on 
European regions which take the knowledge production function as point o f  departure are 
Botazzi and Peri (2003), Greunz (2003; 2005) and M oreno et al. (2005). Although, strictly 
speaking, patents indicate inventions rather than innovations, the standard approach considers 
the transform ation o f  expenditures in R & D  as knowledge input into patents as knowledge 
output. Knowledge spillovers are incorporated in m odel estimations through spatial 
econometric techniques (Anselin, 1988). Studies which take a regional knowledge production 
function as point o f  departure show a remarkable homogeneity in research outcom es. All 
studies depicted in Table 4.2 suggest the existence o f  neighbouring effects in the accumulation 
o f  knowledge from  investments in R & D  to patent application. The effects are localized within 
a range o f  300 kilometres (Botazzi and Peri, 2003) and 500 to 750 kilometres (Moreno et al., 
2005). A ccording to Greunz (2003) spillovers are predominantly driven by the business sector 
although university-industry interactions are also relevant. The studies all point to the relevance 
o f  national barriers. Spillovers occur predominantly between regions within the same country. 
A lso, technological proximity is important. Technological proximity is a catalyzing factor for 
regional knowledge spillovers to occur (Moreno et al., 2005). Hoekm an et al. (2009) also 
involve the network environment in their analysis focusing on a production function in which 
scientific publications are transform ed into patent applications. Corrected for this second 
environmental construct focusing on the (internationally oriented) network environment o f  
scientific co-publications, the regional environment still plays a significant role through a 
positive im pact o f  knowledge inputs in neighbouring regions on the regional knowledge output 
in terms o f  patents. The study by H oekm an et al. (2009) falls within a relatively new category 
o f  regional economic research based on scientometric data (Frenken, 2002). Although the use 
o f  these data can clearly be seen as an innovation in innovation studies, these data suffer from  
the same limitations as patents as indicators o f  innovation, namely that they only represent the 
innovation intensity o f  a (small) portion o f  economic activities. Comparable approaches, based 
on collaboration in European Framework Program m es have been reported by Maggioni et al. 
(2007) on the Fifth Framework Programm e and Cassi et al. (2008) on the Sixth Framework 
Programme. However, since participation in these program s is only viable to a m inor and
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specific part o f  the population o f  innovative com panies, these studies are not further 
elaborated here. Apart from  the delimited focus on innovation activities revealed through 
patenting, another drawback o f  the regional production function approach is that regional 
knowledge spillovers are assum ed to be invariant across geographical space (Capello, 2009). 
The cognitive approach Capello (2009) advocates, departs from  the theoretical argument that 
spillovers are contingent on regional receptivity which depends highly on institutional assets 
and untraded interdependencies.
O n the basis o f  regionally aggregated data o f  Eurostat no claims can be made regarding the 
characteristics on regional synergies in innovation processes. Rather, an evaluation is presented 
which takes into account the inputs and outputs in the knowledge economy. Regional 
synergies in the innovation process itself are reduced to a black box. The character o f  synergies 
(for instance through labour market mobility, network externalities or infrastructural 
commonalities) remains untouched. The E R IS  survey (Sternberg, 2000) fills in this white spot 
by explicitly integrating the network perspective, that is o f  central importance in territorial 
innovation m odels, into the research design. The results o f  the E R IS  project have contributed 
to a large num ber o f  studies on regional dimensions o f  innovation (Koschatzky, 1998; Fritsch 
and Schwirten, 1999; Koschatzky, 1999; Sternberg, 1999; Arndt and Sternberg, 2000; 
Koschatzky and Sternberg, 2000; Revilla-Diez, 2000; Sternberg and Arndt, 2001). O f  particular 
interest in the E R IS  studies is the fact that clustering is analysed from  both the regional and the 
network perspective. T o  assess regional clustering from  the perspective o f  innovative 
networks, Arndt and Sternberg (2000) relate the spatial scope o f  partnership o f  manufacturing 
firms to economic output. They categorize innovative com panies in terms o f  the intensity o f  
partnership into four categories: businesses pursuing mainly regional cooperation, businesses 
pursuing intra- and interregional partnerships, businesses pursuing mainly interregional 
cooperation and businesses with low cooperation intensity. O n the basis o f  descriptive analyses 
on the aforementioned group membership and economic output in terms o f  employment and 
turnover change, regional cooperation is concluded to have a positive relationship with 
employment dynamics. However, in general, for turnover dynamics the relation appears to be 
ambiguous. Arndt and Sternberg (2000) also integrate business characteristics in their analysis. 
The m ost important conclusions in this respect are, firstly, that the relation between regional 
partnership and economic dynamics is especially strong for small and medium -sized com panies 
and com panies operating in high-technology sectors. Secondly, interregional cooperation is, 
not surprisingly, positively related to export perform ance, and, thirdly, regional partnership can 
be associated with incremental innovations, whereas interregional cooperation can be related to 
com panies which exhibit a high involvement in the developm ent o f  more radical innovations. 
Although the research is purely descriptive in character, the study successfully puts the scope 
o f  partnership in a broader perspective by integrating both regional and extraregional linkages 
in the analysis. An example o f  a study that assesses spatial dimensions o f  innovation at firm- 
level is given by Sternberg and Arndt (2001). In their conceptual framework, the firm’s 
innovative behaviour is placed in a dual context o f  firm’s characteristics and environmental 
characteristics, the latter categorized intraregional and extraregional factors (Sternberg and
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Arndt, 2001). The logit m odel that statistically assesses the influence o f  firm and regional 
characteristics on the probability o f  product and process innovation provides ambiguous 
results. A t the firm level, R & D  turns out to be crucial for product innovation. Firm size is 
positively related to the chance that a company perform s process innovations. Although some 
regional-level variables point to the existence o f  cluster synergies, the choice for micro-level 
modelling o f  regional-level variables may lead to biased results. Furthermore, as Beugelsdijk 
(2007) notes, the study does not distinguish between the regional and national environment, 
since m ost case study regions are situated in different countries. In an alternative modelling 
exercise, that applies exclusively to the Munich region, the individual firms are asked about 
regional characteristics that could influence the firm’s innovative behaviour. It turns out that 
the regional level exerts a strong influence on innovation through the provision o f  highly 
qualified technical labour and research centres o f  excellence (Sternberg and Arndt, 2001, p. 
378).
Another strand o f  research builds on the Community Innovation Survey. Regional research, 
however, is confined to national borders and genuine comparative research designs are 
generally lacking in research that transcends national boundaries. Som e typical studies concern 
Evangelista et al. (2002), D oloreux (2002), Simmie (2003; 2004) and D e Bruijn (2004a; 2004b). 
The central theme in Evangelista’s et al. (2002) contribution focuses on the question whether 
regional differences in innovation intensity within Italy coincide with different characters o f  
regional innovation systems. O n the basis o f  factor and cluster analysis o f  input-, output and 
throughput variables in the innovation process, Italian regions are empirically assigned to 
regional innovation system categories. The North-W estern part and Lazio are assigned as 
science-based systems. Em ilia-Rom agna and Tuscany in Third Italy are assigned as informal 
learning systems, and regions in the South turn out to be weak innovation systems. The 
authors not only confirm conclusions drawn in case study approaches on the distinguishing 
features o f  Third Italy learning and innovation processes (see B ox 1.2), but also shed light on 
the dependence o f  innovative firms in weak innovation systems on knowledge sources in the 
Northern part o f  Italy. In presenting regional patterns o f  innovation, D oloreux (2002) makes a 
distinction between predominantly urban, intermediate and rural regions in Sweden. From  the 
descriptive analyses it turns out that the innovation intensity in urban and intermediate regions 
is generally higher than the innovation intensity o f  rural regions. For Swedish regions, the same 
applies to the network intensity in terms o f  partnership in innovation processes. These findings 
are confirmed by D e Bruijn (2004b) for the Netherlands (see also Section 4.3.3). Simmie (2003) 
presents a descriptive analysis on sources o f  external knowledge (information and collaborative 
agreements) o f  innovative firms in the Greater South E ast area in the United Kingdom . His 
analyses suggest that national and international markets are more important for innovative 
firms than regional and local markets. Clients and custom ers, often located in the wider 
national or international environment, are the m ost important sources o f  external knowledge 
for innovative firms (Simmie, 2003, p. 616).
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4.4.3 Research endeavours on the Netherlands
Research on spatial dimensions o f  innovation in the Netherlands has a relatively long history. 
Already in the 1980s, a num ber o f  studies was presented which focuses on spatial patterns o f  
knowledge intensive activities (see Molle, 1985). In the Netherlands research on spatial 
dimensions o f  innovation encom passing the whole country can be divided into a num ber o f  
strands (Table 4.3). Studies in Table 4.3 are categorized by character o f  the innovation 
indicators used (indirect indicators based on sector classifications and traditional and m odern 
direct innovation indicators), character o f  the regional dimension as integrated in the research 
framework (regional benchm ark studies, studies focusing on spatial spillovers, studies focusing 
on attributes o f  the production environment and studies incorporating spatial interaction) and 
the level o f  analysis.
The first strand focuses on sectoral location patterns. One category o f  contributions within 
this strand focuses on high-technology sectors (Wever and Stam, 1998; Van der Panne and 
D olfsm a, 2003), whereas in a second category knowledge and innovation variables are 
attributed to regions on the basis o f  figures on the regional production structure and national 
figures on sectoral innovation profiles. The main advantage o f  this approach is that insight can 
be given at detailed spatial levels o f  aggregation, despite the fact that data availability at regional 
level is limited. The main disadvantage is the shift-share estimation, in which the assum ption is 
made that all firms within a certain industry behave in the same manner with respect to the 
variables under consideration. Som e typical exam ples concern D e Bruijn (2004a) and Raspe 
and Van O ort (2006). The second and third strand o f  studies are based on direct m easures o f  
innovation. The second strand builds on traditional indicators o f  innovation, like the input 
indicator o f  expenditures on R & D  (Kleinknecht and Poot, 1992; Van O ort, 2002b) and patents 
(Ponds, Van O ort and Frenken, 2009). The third strand builds on modern input-, output- and 
throughput indicators o f  innovation. Studies by Kleinknecht and Poot (1990) and Brouwer and 
Budil-Nadvornikova (1994) are based on the Community Innovation Survey. Brouwer’s et al. 
(1999) and Van der Panne’s (2004) contributions are based on new product announcements in 
technical and trade magazines. Although all studies within the above mentioned strands 
integrate regional patterns o f  knowledge intensive activities in the analyses, the relevance o f  the 
factor space itself is often not, or just indirectly, taken into consideration. Put differently, the 
fact that the studies, alm ost with no exception, point to regional differences in knowledge 
intensity and innovation within the Netherlands does not necessarily mean that the region 
matters in innovation processes. Therefore, Table 4.3 differentiates between studies in which 
the spatial dimension is taken up in terms o f  a regional benchm ark (such as D e Bruijn, 2004a), 
studies which assess the spatial dimension in terms o f  the relevance o f  location factors in the 
production milieu for innovative activities (such as Davelaar, 1991), studies which empirically 
assess regional knowledge spillovers (such as Van O ort, 2002b) and studies which explicitly 
refer to spatial patterns in interaction (Oerlemans et al., 2000; Oerlemans and M eeus, 2005).
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Table 4.3 Som e typical empirical research endeavours on the regional dimension o f  
innovation in the Netherlands, by character o f  innovation indicators used, 
character o f  spatial dimensions analysed and unit o f  analysisi
R e g io n a l
b e n c h m a rk
P ro d u ctio n
m ilieu
S p a t ia l
sp illo v ers
S p a tia l
in te rac tio n
Se cto r - Louter (1993)
- W ever and Stam
(1998)
- V an der Laan, D e
B o o m  and V an  O ort
(2001)
- D e  Bruijn (2004a)
- V an der Panne 
and D o lfsm a
(2003)
- R aspe and Van 
O ort (2006)
- D e  Bruijn
(2004b)
T ra d it io n a l - K leinknecht and
M ouw en (1985)
- Schm itz and H eijs
(2001)
- Schm itz (2003)
- Augusteijn  (2005)
- Kleinknecht and
Poot (1992)
- Poot, Rietveld and
Ouwersloot
(1998)
- Sleegers and
D e n  O uden
(1998)
- V an O ort
(2002b)
- Ponds, Van 
O ort and 
Frenken
(2009)
M o d e rn - K ok , O fferm an  and
Pellenbarg (1985)
- K leinknecht and P oot
(1990)
- Brouw er and Budil-
N advorn ikova (1994)
- Statistics N etherlands
(1999)
- Davelaar (1991)
- Brouwer, Budil-
Nadvornikova 
and Kkinknecht 
(1999)
- Beugelsdyk and
Cornet (2002)
- V an der Panne
(2004)
- Oerlemans, Meeus
and Boehema 
(2000)
- Oerlemans and
Meeus (2005)
i m icro-level studies are set in italics; analyses on the basis o f  regionally aggregated studies are set in plain 
typography.
Typical studies based on high-technology sectors comprise Wever and Stam (1998), Louter 
(1993) and Van der Panne and D olfsm a (2003). Regional patterns o f  high-technology service 
and manufacturing lead Wever and Stam (1998) to conclude, that:
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[...] where the manufacturing sector traditionally dominates (outside the 
Randstad) we find relatively more high technology manufacturing firms.
Where the service sector traditionally dominates (within the Randstad) we 
find relatively more high-technology service firms. (Wever and Stam, 1998, 
p. 394)
Louter (1993) combines sector and occupation data to m ap regional differences in the 
knowledge intensity o f  firms. O f  central importance in his indicators are abilities to produce, 
process, distribute and support information. In the resulting spatial pattern o f  information 
intensity regions in the Randstad clearly experience above-average intensities. Outside the 
Randstad, regions around Eindhoven, Groningen and Arnhem-Nijmegen catch the eye, but 
merely as exceptions to the general pattern o f  low information intensity in peripheral regions. 
Van der Panne and D olfsm a (2003) relate the regional aggregate figures o f  high-tech activity, in 
terms o f  high-tech firms and employment, to attributes o f  the regional production milieu. The 
presence o f  research institutes is a contributing factor to high-tech activity, according to the 
m odel estimates Van der Panne and D olfsm a (2003) report.
Typical studies based on shift-share estimation on the basis o f  a combination o f  sectoral 
innovation profiles and regional production structure comprise D e Bruijn (2004a; 2004b), Van 
der Laan et al. (2001) and Raspe and Van O ort (2006). D e Bruijn (2004a) presents a regional 
overview based on regional shift-share estimation o f  sectoral aggregates o f  input, output and 
throughput factors in the Community Innovation Survey (see Figure 4.1). A s input indicators 
o f  innovation D e Bruijn (2004a) uses the num ber o f  employees in R& D -functions and the 
num ber o f  highly educated employees, both as a share in total employment. Em ploym ent in 
innovative firms is used as output indicator, whereby innovation is defined as the introduction 
or implementation o f  technologically new or im proved products or processes. In Table 4.4 the 
share o f  em ployees working in innovative firms in total employment is reported by national 
core-periphery zones and by average address density (De Bruijn, 2004b). The national core­
periphery zones stem from  Van O ort (2002a). The urban density regimes are based on D en 
D ulk et al. (1992) and are depicted in Annex 1. A  positive connection can be observed 
between both agglomeration, in terms o f  the national zoning regimes o f  the Randstad, the 
intermediate zone and the periphery, and urban density on the one hand, and innovation 
intensity and connectivity to regional and extraregional innovation networks on the other 
hand. Results are in line with findings o f  D oloreux (2002) on regional innovation systems in 
Sweden where, on the basis o f  CIS 2 data, a positive connection is revealed between urban 
density and innovation intensity and connectivity through partnership respectively. A lso, 
results confirm Wever and Stam ’s (1998) results on the location o f  high-technology activities in 
the Netherlands.
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Figure 4.1 Spatial patterns o f innovation, the Netherlands, 1998 to 2000
< 25 
25  - 50 
5 0 - 7 5  
7 5 - 9 0  
> 9 0
Share o f  employees working in innovative firms in total 
employment
Share o f  R& D-em ployees in total 
employment
Share o f  academically educated employees 
in total employment
Source: D e  Bruijn (2004a), p. 436
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Table 4.4 Em ploym ent in innovative com panies and com panies innovating in partnership, 
by national core-periphery zone and urban density1, the Netherlands, 1996-1998
E m p lo y m e n t in 
in n o v ativ e  
c o m p a n ie s
E m p lo y m e n t in  c o m p a n ie s  in n o v a tin g  in 
p a r tn e rsh ip  w ith
an y
p artn er
re g io n a l
p a r tn e r (s)
ex tra re g io n a l
p a r tn e r (s)
as a share in total as a share in total employment
employment (%) in innovative companies (%)
T otal population  (N  — 474) 55.0 39.9 26 .7 32.7
National core-periphery zones
R andstad (N  =  86) 6 0 .6 ** 47 .7 ** 3 5 .4 ** 39 .2 **
Interm ediate zone (N  =  168) 5 7 .1 ** 42  4** 28 .2 * 34 .7 **
Periphery (N  =  220) 5 1 .2 ** 34 .9 ** 22  2** 2 8 .6 **
Average address density in surrounding areas
>  2500 (N  — 12) 6 1 .3 ** 48 .0 ** 3 5 .6 ** 39 .2 **
1500 - 2500 (N  — 55) 5 9 .3 ** 45 .3 ** 3 1 .1 ** 37 .3 **
1000 - 1500 (N  — 93) 5 7 .9 ** 43 .1 ** 2 9 .6 ** 35 .8 **
500 - 1000 (N  — 165) 55.1 39.2 25 .5 * 32.6
<  500 (N  — 149) 5 1 .0 ** 36 .0 ** 2 3 .9 ** 2 8 .7 **
Source: D e  Bruijn (2004b), p. 2
*  indicates significance at the 5 percent level; * *  at the 1 percent level
Significance is based  on the difference betw een the em ploym ent shares in the various subpopulations 
com pared  to the sam e figures for the total population , assessed  through one sam ple T  test procedures.
Building on Porter’s (2000) distinction between commonalities and complementarities32, D e 
Bruijn (2004b) carries out spatial explorative analyses based on the M oran’s scatter plot o f  local 
spatial autocorrelation in innovation intensity, based on the num ber o f  employees in innovative
32 A s already touched u pon  in Section 2.2, in Porter’ s (2000) fram ew ork, com plem entarities and 
com m onalities bo th  are perceived as the structuring factors behind spatial clustering. C om m onalities are 
to be interpreted as the equivalent o f  agglom eration advantages in learning trajectories. T hrough  co ­
location o f  innovative firm s, firm  external econom ies o f  scale and scope evolve, which do n o t necessarily 
have to relate to direct interaction betw een innovative com panies. Com plem entarities, on the other hand, 
relate to advantages which can be linked directly to firm  interaction, for exam ple through netw orks o f  
supply and delivery.
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com panies, as a share in total employment, and its spatial lag33. T o  test the connection between 
commonalities, as m easured through employment in innovative firms o f  employment in 
innovative com panies, and complementarities, as m easured through employment in companies 
innovating in partnership with regional partners, innovation in partnership is connected to the 
four quadrants in the Moran scatter plot. The results are depicted in Table 4.5. The quadrants 
in the Moran scatter plot are interpreted as an indication o f  commonalities. Co-location o f  
innovative firms can be associated with the high-high quadrant which com prises municipalities 
with above-average scores on both the share o f  employment in innovative firms and the 
spatially lagged equivalent.
Table 4.5 Em ploym ent in com panies innovating in partnership, by Moran scatter plot 
quadrant o f  employment in innovative com panies as a share in total 
employmenti, the Netherlands, 1996-1998
M o ran  sc a tte rp lo t E m p lo y m e n t in  c o m p a n ie s  in n o v a tin g  in  p ar tn e rsh ip  w ith
a n y  p artn er re g io n a l p a r tn e r (s) e x tra re g io n a l p a r tn e r (s)
as a share in total employment in ,innovative companies (%)
Total 39.9 26.7 32.7
High - H igh  (N  — 196) 4 6 .7 ** 32 .6 ** 3 8 .4 **
H igh  - Low  (N  — 70) 38.8 2 3 .8 ** 32 .9
L ow  - H igh  (N  — 55) 38.5 24.9 3 0 .1 **
L ow  - L ow  (N  — 153) 32 .2 ** 2 1 .2 ** 2 6 .1 **
Source: D e  Bruijn (2004b), p. 4
i as m easured through the num ber o f  em ployees in innovative com panies in total em ploym ent (see also 
N o te  34)
A  positive connection between the spatial autocorrelation o f  innovation intensity 
(commonalities) and the connectivity to innovation networks through (especially regional) 
partnerships (complementarities) is expected. Municipalities which combine above-average
33 Spatial autocorrelation can be defined as the coincidence o f  value similarity with location similarity 
(Anselin, 2000). In  the M oran scatter plot, regional scores on a variable, here innovation intensity, are 
p lotted  against the values in neighbouring regions using a distance decay function (also referred to as 
spatial lag). C ases are categorized according to the quadrants in the scatter. The ‘high-high’ quadrant 
contains cases with above-average values, surrounded by neighbouring regions with above-average values. 
Accordingly the ‘high-low’, low -high ’ and ‘low-low’ categories com prise locations which score 
accordingly in bo th  innovation intensity and its spatial lag.
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scores in innovation intensity and above-average scores on the spatially lagged variable on 
innovation intensity, experience high degrees o f  partnership in terms o f  the employment in 
com panies which innovate in partnership. In Porter’s (2000) terms, on the basis o f  the 
partnership variable the shift-share estimations provide som e clues that complementarities 
could indeed be positively related to commonalities. However, whereas Porter’s (1998) cluster 
concept attributes this connection mainly to regional partnerships, the empirical findings 
reported in Table 4.7 indicate statistically significant differences for both regional and 
extraregional partnership34. The results are in line with recent contributions from  Simmie 
(2003) and Bathelt et al. (2004) who suggest that the competitive advantage o f  clusters finds its 
basis in the connectivity to both regional and extraregional (international) innovation networks.
As m entioned in the previous section, traditional innovation indicators such as expenditures on 
R & D  and patent activities exclusively relate to technological aspects o f  innovation. One o f  the 
main m ethodological issues in innovation studies concerns the overrepresentation o f  
manufacturing industries in the choice o f  indicator and the neglect o f  innovation in service 
com panies (see also Section 4.2). T o  overcom e this delimitation on manufacturing in regional 
benchmarking, a num ber o f  studies focus on broader aspects o f  innovation. Van der Laan et 
al. (2001) report a broader overview based on high-grade knowledge activities, employees in 
information and communication technologies and sweet talk activities35. The overview, 
originally based on regional administrative units36, is refined by Raspe et al. (2004) on the basis 
o f  municipal employment figures. On the basis o f  shift-share estimates o f  eight indicators o f  
the knowledge economy (addressing education level, creativity, communicative skills, ICT 
usage, R & D  and innovation), three independent factors are constructed through principal 
com ponent analysis; two input factors o f  innovation (human capital and R & D ) and the output 
factor o f  innovation. The spatial distribution o f  the input factors in innovation processes 
corresponds to the patterns depicted in Figure 4.1.
In their quantitative assessm ent o f  the relation between knowledge intensity and economic 
dynamics on the basis o f  regional aggregate figures, Raspe and Van O ort (2006) explicitly 
m odel spatial spillovers. Based on R aspe’s et al. (2004) factor scores o f  input and output 
indicators o f  knowledge developm ent and application, the authors conclude that the factors 
innovation and knowledge workers are more profoundly related to urban employment and 
productivity growth than the factor R & D  (Raspe and Van O ort, 2006, p. 1225). This
34 It is im portant to keep in m ind that the regional figures are based  on the assum ption that all activities 
within the sam e sector perform  in the sam e m anner as regards to the knowledge econom y variables under 
consideration. A lthough research convincingly presented the structuring role o f  industry in the 
innovation system  (Mowery and N elson , 1999) results o f  shift-share analysis should be interpreted with 
caution.
35 Sw eet talk em ploym ent refers to jo b s in which com m unicative skills are o f  crucial im portance 
(M cCloskey and K lam er, 1995).
36 The regional administrative units refer to the w ork areas o f  the regional bureaus o f  em ploym ent policy 
(RBA  - Regionaal Bureau v oor de Arbeidsvoorziening).
104
conclusion should, however, be interpreted with caution since the analyses do not distinguish 
clearly between input and output indicators o f  innovation. The factor innovation relates to the 
results o f  innovation processes in terms o f  whether firms are able to develop technologically 
new or im proved products or processes, whereas the factor R & D  relates to the principal input 
o f  technological development. Hence, the effect o f  R & D  is (partly) corrected for the causality 
o f  its own results. Considering the fact that the factor knowledge workers, corrected for the 
output factor innovation, relates to knowledge application and innovation relates to 
(technological) development, the authors show that regional knowledge intensity (knowledge 
application and knowledge development) has a clear im pact on regional economic dynamics. 
This finding also holds after controlling for a num ber o f  other variables (economic structure, 
investment and wage levels, employment and productivity levels and population density), fixed 
effects and spatial autocorrelation (Raspe and Van O ort, 2006, p. 1225). Although some could 
argue, based on these results, that ‘the region matters’ in innovation processes, it is important 
to keep in mind that the positive connection between knowledge intensity and economic 
dynamics at the level o f  the region does not imply the relevance o f  cluster synergies at the level 
o f  the individual innovating firm, especially since the authors do not find indications o f  spatial 
autocorrelation in the dependent variable (Raspe and Van O ort, 2006, p. 1225).
Typical studies based on direct m easurem ent o f  traditional R & D  indicators are summarized in 
the second row in Table 4.3. Kleinknecht en Mouwen (1985) observe a shift in knowledge 
production in manufacture from  the economic core o f  the country (the Randstad region in the 
Western part o f  the Netherlands) to the intermediate zone (the Eastern and South-Eastern 
parts adjacent to the Randstad region). In the early nineties, R&D-intensity, in terms o f  R & D - 
employees as a share in total employment, is both  high in som e peripheral regions (Groningen, 
Drenthe and the South-eastern part o f  the Netherlands) as in both the Northern and Southern 
wing o f  the Randstad (Sleegers and D en Ouden, 1998 on the basis o f  Brouwer and Budil- 
Nadvornikova, 1994). Given these patterns Kleinknecht and Poot’ s (1992) finding, that little 
evidence can be found that firms in central regions engage more often in R & D  than similar 
firms in other regions, does not com e as a surprise. More recent overviews o f  aggregate 
patterns o f  R & D  show a close resemblance to the shift-share estimations on the basis o f  
regional production structure o f  R&D-intensive activities (Schmitz and Heijs, 2001), although 
direct m easurem ent o f  R & D  tends to produce lower outcom es for the Northern part o f  the 
Netherlands than is expected on the basis o f  production structure. When one com pares the 
patterns o f  R&D-intensity over subsequent periods, a balanced pattern is revealed. R & D - 
intensity is highest in the Southern part o f  the Netherlands, followed by the Eastern and 
Western part (the Randstad economic core) o f  the Netherlands. The three Northern provinces 
score well below  average in terms o f  R&D-intensity (Schmitz and Heijs, 2001; Schmitz, 2003; 
Augusteijn, 2005). A t the level o f  the individual firm, P oot et al. (1998) relate R&D-intensity in 
an econometric analysis to assets o f  the local production environment. A t the aggregate level, 
Sleegers and D en Ouden (1998) relate R&D-intensity to both  assets o f  the production milieu 
and production structure. However, with R&D-intensity as dependent, none o f  the individual 
coefficients proves significant. Still, other research efforts point to the relevance o f  a regional
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dimension in R&D-intensity. Van O ort (2002b), modelling R&D-intensity on the basis o f  
production structure in terms o f  diversity, specialization and competition, tests for spatial 
autocorrelation and finds indications o f  knowledge spillovers in terms o f  lag structure in the 
data with the dependent variable. Following a similar approach as H oekm an et al. (2009) for 
European regions, Ponds et al. (2009) combine in a knowledge production function 
framework, spatially lagged input variables and a lagged variable o f  university R & D  through 
the network o f  research collaborations. Given their result, that the geographical and network 
environment both im pact significantly on regional patent activity, knowledge spillovers are not 
confined to the regional environment. However, the regional environment does play a 
significant role for the patent activity o f  science-based industries.
Typical studies based on m odern innovation indicators are summarized in the third row o f  
Table 4.3. K ok et al. (1985) conclude that the dominant spatial pattern o f  innovative activities 
in the Netherlands is o f  a dispersed nature. However, in the peripheral provinces Groningen, 
Friesland and Drenthe in the Northern part o f  the country, Zeeland in the South-Western part 
and Lim burg in the South-Eastern part, innovative com panies are underrepresented. Later 
contributions based on m odern indicators however, point to an above-average innovation 
intensity o f  the three Northern provinces Groningen, Friesland and Drenthe (Kleinknecht and 
Poot, 1990, p. 51; Brouw er and Budil-Nadvornikova, 1994, p. 57). Focusing on the innovative 
degree o f  small- and medium-sized enterprises in the period from  1994 to 1996, the province 
o f  South-Holland scores rather low, Groningen scores relatively high and Brabant scores 
above average (Statistics Netherlands, 1999, p. 48).
Beugelsdijk and Cornet’s (2002) study explicitly takes spatial clustering o f  innovative 
com panies in the Netherlands into account. Their analysis is based on Community Innovation 
Survey results and tests whether physical proximity facilitates knowledge spillovers between 
innovating firms and universities. Proximity is integrated in the analysis in terms o f  postal code 
areas. In their m odel, Beugelsdijk and Cornet (2002) explain the share o f  new and im proved 
products in total turnover by the innovation expenditures o f  innovating firms and the presence 
o f  (technical and non-technical) universities in nearby situated postal code areas, thereby 
correcting for the innovation expenditures o f  the innovating firms themselves and a set o f  
region and sector dummies. The authors conclude that proximity does not matter in the share 
o f  new or im proved products in turnover, although some o f  the coefficients on the presence 
o f  a technical university provide significant results. However, their conclusion that a far friend 
can be worth more than a good  neighbour (Beugelsdijk and Cornet, 2002, p. 182) is somewhat 
speculative since far friends are by no means integrated into their analysis. A s the authors 
themselves suggest, to develop deeper insight in the proximity thesis, the underlying 
m echanism s o f  knowledge acquisition, in particular the links between business decisions about 
building and sustaining (social) knowledge networks’ and geography, have to be taken into 
account as basis for future research efforts. Another example o f  an empirical study taking the 
spillover thesis as point o f  departure is Van der Panne’s (2004) study on new product 
announcements in the Netherlands, which conclusions run the opposite direction. Using
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spatial econometric estimation techniques, it follows that the num ber o f  new product 
announcements in a region, corrected for intraregional explaining variables, (also) depends on 
the num ber o f  product announcements in neighbouring regions.
Both D avelaar (1991) and Brouw er et al. (1999) assess the hypothesis that urban agglomeration 
is relevant to the innovation capabilities on the micro-level o f  the individual firm. The results 
are in favour o f  the urban hierarchy or filter-down hypothesis, elaborated in Section 2.3. 
Whereas process innovations are more biased to peripheral regions, new  product 
announcements are sensitive to agglomeration econom ies (Brouwer et al., 1999, p. 547).
Studies which directly measure network interaction in a spatial context are scarce. One o f  the 
few exam ples is given by Oerlemans and Meeus (2005). In their study on innovative networks 
in the Southeast o f  Brabant, Oerlemans and Meeuws (2005) integrate both aspects o f  co­
location and partnership in their analyses. In a set o f  m odels in which different aspects o f  
innovation output are explained through a set o f  explaining variables, the study produces 
mixed results. Oerlemans and Meeus (2005) find that geographical proximity does matter, but 
only in a limited and specific way. In each o f  the four m odels, which all take another output 
factor o f  innovation as dependent, the independent variables on geographical proximity relate 
differently to the explained variable. Oerlemans et al. (2000) find mixed results on the 
hypothesis that under the condition o f  more com plex innovation activities, proximity effects 
are stronger. Findings suggest that for buyer relationships the hypothesis holds, but for 
supplier relationships this pattern is not found (Oerlemans et al., 2000, p. 72).
4.4.4 Evaluation
In Europe, more or less straightforward use is made o f  regional benchmarks in combination 
with the regional knowledge production function framework. Whereas regional benchm ark 
studies point to uneven patterns o f  knowledge intensive activities across European regions, the 
knowledge production framework explicitly addresses regional knowledge spillovers through 
spatial econometric techniques. The regional knowledge production function is based on input 
in terms o f  expenditures in R & D  and output in terms o f  patenting activities, often based on 
the num ber o f  patent applications to the European Patent O ffice, o f  which regionally 
aggregated figures are publicly made available by Eurostat. Regional benchmarks are further 
com plem ented by studies which assess the structuring role o f  regional typologies and the 
national environment on competitive strength and economic development. Conclusions o f  
contributions on European knowledge regions are roughly in line with each other in the sense 
that studies on the knowledge production function all indicate the relevance o f  spatial 
spillovers. Apart from  the geographical environment, recent contributions also take into 
account the wider network environment, through citation analysis and analyses o f  participation 
in European Fram ework program mes.
Although on the basis o f  the regional knowledge production function approach the existence 
o f  spillovers can be empirically validated, the approach also suffers from  a num ber o f
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disadvantages. A s already touched upon in a theoretical context, specific synergies that 
innovating com panies draw from  the regional production processes are reduced to a black box. 
Although studies reveal spatial spillovers, the specific character o f  interaction remains 
untouched. Furthermore, the existence o f  spillovers is assum ed to be invariant over space, in 
contrast to theoretical predictions derived from  territorial innovation models. A s elaborated in 
detail in Section 2.2, regional absorptive capacity is highly contingent on factors such as 
institutional thickness and untraded interdependencies. Another drawback o f  the regional 
knowledge production function approach is that the innovation process is reduced to the 
transform ation o f  R&D -investm ent in knowledge em bodied in patents (see Section 4.2 for 
general disadvantages o f  the use o f  patent statistics). Patents relate better to invention than to 
the economic concept o f  innovation. D e Bruijn and Lagendijk (2005) employ a broader 
definition o f  the knowledge economy, although their analysis remains restricted to analysis o f  
variance to assess the im pact o f  knowledge region type in relation to the im pact o f  the national 
environment on welfare and competitive strength.
Studies focusing on the Netherlands show a wide diversity in spatial dimensions under 
consideration, the population based on which conclusions are drawn, the level o f  analysis and 
use o f  innovation indicators. Moreover, different studies on spatial dimensions o f  innovation 
lead to different research outcom es and different conclusions on the relevance o f  space in 
innovation processes. Spatial dimensions are integrated in the research design in different ways. 
Spatial dimensions are assessed through regional specialization in the knowledge economy, 
regional knowledge spillovers, agglomeration econom ies and (other) location factors in the 
regional production environment. O utcom es referring to the importance o f  these dimensions 
in the Netherlands are highly controversial. In general, the evidence for theoretical arguments 
in territorial innovation m odels on the basis o f  empirical research in the Netherlands is weak. 
Although on the basis o f  m ost studies the conclusion can be drawn that ‘space matters’, results 
in terms o f  causal effects o f  the elements o f  the production environment on innovative 
strength contradict strongly with each other. Kleinknecht and Poot (1992) are reserved 
towards the beneficial role o f  the urban environment for innovation, whereas Brouwer et al.
(1999) do emphasize the role o f  agglomeration advantages. Van der Panne (2004) does reveal a 
positive significant im pact o f  neighbouring regions on regional innovation activity, whereas 
Beugelsdijk and Cornet (2002) do not find a positive connection. D ifferences can be related to 
different conceptions o f  the regional dimension, the use o f  different m easures o f  innovation 
and differences in the spatial scale that is taken into consideration. Surveys are based on 
different populations, whereby the distinction between manufacturing and service com panies is 
m ost prevalent and analyses are conducted on data based on varying spatial classifications, 
from  highly refined postal code areas, municipalities, to regional administrative regions in 
terms o f  CO RO P-regions (N U TS-3), and provinces (N UTS-2). D ifferent studies are based on 
different innovation indicators, all with their own m ethodological shortcomings. For instance, 
studies based on traditional indicators are n ot able to take into account the interactive nature 
o f  innovation from  a system perspective. Studies based on recent versions o f  the Community 
Innovation Survey, which take the spatial scope o f  partnership into account, use a shift-share
108
estimation technique based on sectoral innovation profiles at a high spatial level o f  aggregation 
and regional production structure at more detailed levels o f  aggregation. These studies 
therefore rely on the assum ption that all activities within the same sector perform  in the same 
manner as regards to the knowledge economy variables under consideration. Studies based on 
ad hoc questionnaires do not have to rely on shift-share estimation but generally suffer from  
low response rates.
Both in Europe and the Netherlands, broadly designed empirical surveys have been conducted 
to achieve empirical insight in spatial dimensions o f  innovation from  a homogenizing 
perspective in line with the geography o f  innovation approach established in the mid 1990s in 
the United States. In the majority o f  studies, the exact mechanisms o f  spatial interaction are 
reduced to a black box. However, some studies take into account the m echanism s o f  
knowledge spillover by focusing on the spatial scope o f  partnership in innovation processes. 
The E R IS  survey (Sternberg, 1999) and a study in Southeast-Brabant conducted by Oerlemans 
(1996) provide prom ising results. Although these studies imply a remarkable improvement in 
relation to the regional knowledge production function framework, in the sense that 
m echanism s o f  spatial interaction are assessed in direct way, these studies still leave room  for 
improvement. R oom  for im provem ent exists. Firstly, because the population under 
consideration is restricted to specific regions. Secondly, because the studies do not address the 
spatially discriminating mechanisms put forward in the framework o f  spatial industrial 
organization. Thirdly, because the studies are based on ad hoc survey m ethods with limited 
response rates. Seen from  the theoretical arguments elaborated in Chapter 3, the om ission o f  
variables that relate to (dynamic) transaction cost econom ics and competence based 
perspectives, can be seen as a weak point in research practices. A s argued in Section 3.5, 
dynamic transaction cost considerations point to a positive connection between collaborative 
innovation in high-technology contexts and spatial proximity, whereas com petence-based 
approaches connect collaborative innovation in the context o f  exploration to wider, 
international network linkages.
B ox 4.3 Spatially discriminating determinants in innovation processes: empirical insights 
from  international business management
A lthough within econom ic geography generically designed surveys do n ot integrate the spatially 
discrim inating determ inants o f  industrial organization in the analyses, som e fruitful empirical 
applications in the field o f  international m anagem ent are available. Lhuillery and Pfister (2009), in 
their empirical study on difficulties in innovation processes, place dynamic transaction costs 
considerations in a spatial perspective. A lm eida (1996), M iotti and Sachw ald (2003), A huja and 
KatHa (2004) and Sidhu et al. (2007) focus on international connectivity to gain access to 
com plem entary com petences n ot available in vicinity o f  the innovating firm. Results o f  these 
studies, o f  which the m ain findings are sum m arized below , are generally in line with the 
predictions m ade on the basis o f  the theoretical argum ents explored in Section 3.5.
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Dynamic transaction costs considerations
A s elaborated in Section 3.5, the fram ew ork o f  spatial industrial o rganization departs from  a 
positive connection betw een distance and dynamic transaction costs. The further collaborating 
firm s are located  from  each other, the greater the chances that collaborative efforts run into 
difficulties. O n  the basis o f  the French part o f  the Com m unity Innovation Survey, com prising 
m anufacturing firm s, this relation is empirically confirm ed by Lhuillery and Pfister (2009) for 
partnerships with com petitors and public research institutions. F o r  other types o f  partners, 
how ever, this relation, in contrast to theoretical expectations, cannot be confirm ed.
Competence-based co nsiderations
The fram ew ork o f  the spatial industrial organization, as set out in Section 3.5, departs from  a 
positive relation betw een learning in explorative learning strategies and the spatial scope o f  
innovative netw ork linkages. O n  the basis o f  extraregional netw ork linkages, innovating firm s 
gain access to a variety o f  divergent, locally em bedded, technological trajectories. D u e  to local 
p rocesses o f  im itation and selective adoption  routines and com petences betw een firm s in a 
particular industry tend to converge within regions rather than betw een regions. A ccording to 
A huja and Katila (2004, p. 889) geography search — the degree to which a firm ’ s efforts span 
national boundaries — provides an opportunity to expand the variety in the firm  resource base by 
tapping into a diverse set o f  localized, regionally distinctive capabilities. Th is correspon ds with 
Almeida’ s (1996) conclusion on sem iconductor industries in Silicon Valley, that foreign 
subsidiaries use regional know ledge to a higher extent than similar dom estic firms. M oreover, in 
m o st cases, foreign subsidiaries direct foreign investm ent tow ards offsetting hom e country 
technological w eaknesses (Almeida, 1996). T h is conclusion is also drawn by M iotti and Sachwald 
(2003), who relate the scope o f  partnership linkages in innovation trajectories to national 
technological advantages. O n  the basis o f  the French part o f  the Com m unity Innovation Survey, 
m anufacturing firm s innovating with partners based  in the United States are, m ore than average, 
active in technological field in which the United States exhibits com petitive advantage. O n  the 
basis o f  a study on m ultinational enterprises based  on successful patent applications A huja and 
K atila (2004) find that geography search is positively connected to bo th  innovative input and 
output. H ow ever, since this connection follow s an inverted U  relationship, too m uch 
geographical breadth im pacts negatively on innovative output. T o  prom ote innovation, firm s 
should explore enough to create variety, yet n ot too m uch to lose control (Ahuja and 
Katila, 2004, p. 899). Similarly, Sidhu et al. (2007) empirically investigate geographic search as a 
d im ension in M arch’ s exploration-exploitation dichotomy. Em pirical findings indicate, for 
D u tch  firm s active in m etal and electrical engineering sectors, that in com bination with supply 
side and dem and side exploration, geographical search im pacts positively on the innovative 
output.
G iven  these prom ising outcom es in the light o f  the spatial econom ic organization o f  innovation, 
it is rem arkable that these studies are n ot often  referred to in econom ic geography studies. O ne 
o f  the few case studies in econom ic geography that pays (implicit) attention to dynamic 
transaction co st and com petence considerations is G ertler (1995), who relates difficulties in the 
developm ent, im plem entation and operation o f  state-of-the-art process technologies adopted 
from  abroad to com m unication barriers (transport co sts delimiting face-to-face interaction, 
com m unication costs relating to language differences and location  in different time zones and
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cognitive and cultural barriers relating to different codes o f  conduct in labour relations and 
training materials. The follow ing quote, com bining both  transaction co st and com petence 
considerations, is exem plary for the relevance o f  G ertler’ s (1995) case study on firm s active in a 
selection o f  m anufacturing sectors based  in the Canadian O ntario region.
[ ...]  i f  the technology is truly leading-edge, som e firm s say they will “ go anywhere” 
to obtain it, no m atter how  far away the producer m ay be. O f  course, despite this 
willingness to transcend lon g  distances to secure the “ right”  technology, it m ay still 
be the case that im plem entation difficulties arise [ . ]  (Gertler, 1995, p. 12)
Given the opposite direction o f  these two spatially discriminating determinants in industrial 
organization, to effectively address the spatial dimension o f  innovation, research needs to 
address both spatially discriminating determinants underlying the spatial scope o f  collaborative 
innovation networks. Although within economic geography, broadly designed surveys that take 
into account both determinants in spatial industrial organization are not available, in 
international managem ent studies some contributions are available that do provide fertile 
insights (Box 4.3).
Studies focusing on European regions convincingly point to the existence o f  regional 
knowledge spillovers, but also suffer from  disadvantages. An important drawback is, firstly, 
that in the regional knowledge production framework the innovation process is reduced to the 
transform ation o f  R&D-investm ents in knowledge em bodied in patents, whereas in reality, the 
knowledge economy com prises more facets than R & D  alone. Furthermore, the use o f  patent 
indicators strictly relates to protected inventions and n ot directly to the econom ic concept o f  
innovation. From  various sides a broader reflection on the knowledge economy is advocated. 
Another important drawback o f  the regional knowledge production framework is that the 
character o f  interaction m echanism s is reduced to a black box, primarily due to limitations in 
data availability. Som e studies shed light on spatial m echanism s o f  interaction. However, 
research practices in the Netherlands often lead to m ixed results due to m ethodological 
differences, as for instance research design, level o f  analysis and population under 
consideration. M oreover, studies do not integrate spatially discriminating determinants in 
industrial organization. A s these determinants run in opposite directions (see B ox 4.2), it is to 
be expected that research outcom es in studies, that explicitly distinguish between these 
determinants, can bring spatial dimensions o f  innovation to the surface in more unambiguous 
way.
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4.5 A n aly tical d e s ig n
4.5.1 Introduction
As set out in Section 4.2, the goal o f  the research is to improve the insight in the spatial 
dimensions in innovation processes on a broader basis than case studies o f  best practices as 
input for policy initiative. In fulfilling this goal, this study takes up a hom ogenizing approach. 
Although past research in particularizing approaches within territorial innovation m odels has 
learnt that analyses o f  illustrative case studies provide in-depth insights on regional synergies 
and contingencies in innovation processes, to assess the general validity o f  these arguments, 
this project takes a different strategy. Rather than an in-depth explorative study on aspects o f  
clustering in specific cases, a quantitative comparative design is employed to assess the 
importance o f  regional dimensions in innovation processes through a hom ogenizing lens.
In this section, the analytical framework is presented. In Section 4.5.2 opportunities for 
im proved insight in spatial dimensions o f  innovation are presented from  three different angles. 
Opportunities are, firstly, related to the theoretical insights explored in Chapters 2 and 3, 
secondly, to possibilities to measure innovation on the basis o f  the evaluation o f  data sources 
presented in Section 4.3 and, thirdly, to an evaluation o f past research endeavours focusing on 
European regions and the Netherlands. In Section 4.5.3 central concepts in the research aim 
are defined and delineated. Section 4.5.4 focuses on the unit o f  analyses. Finally, in Section
4.5.5 the central research questions in this study are fram ed and elaborated by m eans o f  the 
issues to be explored in order to formulate answers to the central questions under study.
4.5.2 Opportunities for improved insight
In Chapters 2 and 3 opportunities for an im proved insight have been summarized from  a 
theoretical point o f  view. The main outcom es are summarized below:
- H om ogenizing research practices have to be based on a broad population o f  regions and 
firms. T o  ensure possibilities for successful generalization, research has to be based on a 
design based on a large num ber o f  observations derived from  a broadly delineated 
population o f  innovative firms.
- T o  com plem ent research primarily focused at the level o f  the region, research practices 
have to employ a broad conception o f  space. Insight in spatial dimensions cannot be based 
solely on insight in the importance o f  configurations em bedded in specific scales. Hence, 
both regional (local) and extraregional (international) scales need to be taken in account.
- In territorial innovation m odels, social and cultural form s o f  proximity are often put on a 
par with geometrical proximity. In assessing spatial dimensions o f  innovation, research has 
to distinguish between truly geographical (geometrical) form s o f  space and other factors 
which m anifest themselves in space (cultural, social and institutional factors).
- Theoretical insights at the level o f  the region have to be complemented by theories at the 
micro level o f  the firm to gain insight in specific spatial interactions in collective learning 
processes and to include micro level business considerations in the analyses.
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- Building on the framework o f  the spatial industrial organization o f  innovation, research on 
spatial dimensions o f  innovation has to integrate both transaction cost and competence 
considerations in the analysis o f  the spatial scope o f  innovative network linkages. Although 
some contributions (following the Californian school on external economies) emphasize 
the relevance o f  transaction cost econom ics, com petence-based approaches, especially in 
relation to extraregional network linkages, are an understudied phenom enon in economic 
geography.
- Im portant contingencies that have to be taken into account in analyses focusing on spatial 
dimensions o f  innovation concern, as elaborated in the framework o f  the spatial industrial 
organization o f  innovation, the character o f  discovery (exploration versus exploitation) and 
innovation (radical versus incremental form s o f  innovation and autonom ous versus 
architectural form s o f  innovation), the product-market environment (stage in the product 
life cycle), firm size and business location (location within a cluster or urban agglomeration 
versus location in peripheral settings).
In Section 4.3 opportunities for an im proved insight are elaborated from  the perspective o f  the
supply o f  empirical data. The main outcom es are summarized below:
- M odern indicators are developed in line with theoretical insights on the interactive nature 
o f  innovation. In Europe, the Community Innovation Survey serves as principal empirical 
basis. The Community Innovation Survey is coordinated by Eurostat and is held by the 
national statistical institutes o f  the m em bers o f  the European Union. Response rates are 
generally high in com parison with surveys held on an ad hoc basis. M oreover, the 
questionnaire offers good possibilities to test the theoretical hypotheses on the spatial 
industrial organization o f  innovation empirically. In the Netherlands, for instance, the 
second Community Innovation Survey encom passing the periods from  1994 to 1996 (CIS 
2.0) and 1996 to 1998 (CIS 2.5) contains variables on the spatial range o f  partnership, 
variables which can be seen as proxies for transaction costs and com petences respectively, 
and variables which can be used as measures for a majority o f  the contingencies 
theoretically expected to act as spatially structuring contexts in industrial organization.
- A problematic feature o f  the Community Innovation Survey concerns the location o f  
innovative companies. Although some studies have been reported in countries like Italy, 
Sweden and the United K ingdom , indicators are n ot available at the regional level for every 
European country. In som e instances, shift-share estimations based on sectoral 
characteristics and regional production structure are used as a second-best alternative. 
However, an extensive evaluation o f  the accuracy o f  these estimations has not been 
possible.
- Given the limited data availability o f  m odern innovation indicators at a regional level across 
Europe, analyses at the European level are necessarily based on more traditional indicators 
o f  innovation, which com prise a broad range o f  knowledge econom y indicators, from  more 
technological variables as R & D  and patent activity, to human capital indicators as 
educational attainment, lifelong learning and student population. These indicators are
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collected by Eurostat in the R E G IO  domain within the N E W C R O N O S database. This 
database is publicly available at http://w w w .eurostat.eu . For the fifteen countries that have 
made up the European Union since the late 1980s, time series relating to the period ranging 
from  1995 to 2005 are available.
In Section 4.4 opportunities for an im proved insight have been elaborated from  the 
perspective o f  past research and the integration o f  spatial dimensions in the analytical 
framework these studies employ. The main outcom es are summarized below:
- In Europe, research predominantly takes as point o f  departure the regional knowledge 
production function. Hence, because o f  the similarities in research design and indicators 
used, research efforts can in general be well com pared with each other. Although the 
efforts all clearly point to the relevance o f  geographical knowledge spillovers, the m ost 
important line o f  criticism concerns the focus on invention (the transform ation o f  R & D  
into patents or patent applications), rather than innovation which presupposes a relation to 
the wider concept o f  competitive strength, to which patent activities are only loosely 
connected. Therefore, a broader account o f  the knowledge production function, in terms 
o f  a transform ation o f  wider array o f  input and output factors in the knowledge economy, 
has the potential to gain more insight in spatial dimensions in the knowledge economy.
- A second important point o f  criticism on the regional knowledge production function 
approach is that it fails to provide insight on the actual mechanisms o f  knowledge 
spillovers in terms o f  the concrete spatial interactions in collective learning processes. 
Therefore, research practices applying a knowledge production function framework, have 
to be com plem ented by research focusing on the micro-level o f  the individual firm, using 
externally derived knowledge inputs in its innovative business operations.
- The critical review o f  research practises focusing on the Netherlands reveals that studies in 
the Netherlands on spatial dimensions o f  innovation often lead to contradictory outcom es. 
D ifferences in research design, measures o f  innovation and response rates may well be the 
basis o f  these differences.
- On the basis o f  micro-level conducted research on the spatial scope o f  innovative network 
linkages, the conclusion is drawn that this strand provides good opportunities to link the 
spatial scope o f  partnership to competitive strength. However, past studies do not integrate 
the structuring elements o f  industrial organization in the analysis. A s these determinants 
run in opposite directions, it can be expected that research outcom es in studies that 
explicitly distinguish between these determinants might bring spatial dimensions o f  
innovation to the surface in m ore unambiguous way.
4.5.3 Central concepts in the research ambition
The goal o f  the research efforts is to improve insight in spatial dimensions in innovation 
processes on a broader basis than just case descriptions o f  best practices in successful 
examples o f  regional growth wonders as input for policy initiative. In this section, both 
innovation and the spatial dimension in innovation processes are delineated and defined. In the
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definition o f  innovation we follow the fram ework given by Schumpeter. Schum peter defines 
the essence o f  innovation as a change in the production function in the sense that in 
com parison with the traditional situation, on the basis o f  the same amounts o f  labour and 
capital, an increased amount o f  value is created (Schumpeter, 1939, p. 87). A ccording to 
Schum peter (1949), it is o f  essential importance to distinguish innovation from  invention.
As long as they are not carried into practice, inventions are economically 
irrelevant. And to carry any im provem ent into effect is a task entirely different 
from  inventing o f  it, and a task, m oreover, requiring entirely different kinds o f  
aptitudes. (Schumpeter, 1949, p. 88)
Innovation, knowledge and entrepreneurship are strongly intertwined. These concepts have 
not received much attention in neoclassical contributions (Baumol, 2002, p. 7). In mainstream 
econom ics, all subjects share the same information and act rationally. Schum peter (1939) sees 
the entrepreneur as prime vehicle for innovation. When innovation is seen as deliberate 
action, knowledge is a prerequisite for innovation. Since, in a changing environment, 
knowledge requires continuous learning, learning processes stand at the basis o f  innovation. 
This is the essence o f  the recently introduced concept o f  the knowledge economy, in which 
knowledge is seen as a decisive factor in competitive strength (O E C D , 1996). Lundvall and 
Johnson  (1994) distinguish between know-what, know-why, know-how and know-who. In a 
similar vein, a distinction can be drawn between learning by studying, learning by 
understanding, learning by doing and learning by interacting. The knowledge or learning 
econom y is related to an increasing importance o f  educational attainment, (automatic) 
information processing activities, communication and technological knowledge accumulation 
through R & D . Hence, the learning econom y is a broader concept than a narrow interpretation 
o f  the knowledge economy in terms o f  high-technology activities (Lundvall and Johnson,
1994). With this conclusion, the circle closes with the conception o f  innovation by Schum peter 
(1949, p. 66) which com prises both technological im provem ents, marketing and organizational 
changes. Here, innovation is seen as a change in the form  o f  a firm’s production function by 
implementing novelties or new variations in the production process, which can indeed stem 
from  technological development, but can also be based on new market opportunities and 
organizational changes.
The research ambition focuses on spatial dimensions in innovation processes. In the 
knowledge production function framework, spatial dimensions o f  innovation processes reveal 
themselves through regional knowledge spillovers. Knowledge spillovers distinguish 
themselves from  static efficiency gains related to spatial co-location or agglomeration 
advantages, which are not the subject o f  this study. For instance, spatial clustering does not 
necessarily have to be the result o f  knowledge spillovers, but may simply be related to natural 
advantages (Ellison and Glaeser, 1999). Spatial dimensions o f  innovation processes concern 
knowledge spillovers through learning by interacting. Both territorial innovation m odels and 
contributions in industrial organization place great emphasis on interactions in innovative
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networks. The Californian school o f  external econom ies, for instance, puts great emphasis on 
regionally em bedded user-producer interactions, which, in combination with cultural thickness, 
reduces transaction costs associated with inter-firm coordination in innovation processes 
(Scott and Storper, 1987). G rant and Baden-Fuller (2004) analyse inter-firm cooperation as a 
means to gain access to complementary competences. A s reported in Section 3.3, both 
Langlois and Robertson’s (1995) dynamic theory o f  business institutions and N ooteboom ’s
(2000) cycle o f  integration and disintegration draw heavily on the network paradigm in 
organizational econom ies as summarized by Powell (1990). However, it is im portant to keep in 
mind that innovative network linkages are not the only mechanism through which knowledge 
spillovers might occur. Other important spatially discriminating determinants o f  innovation 
reported in the literature concern labour mobility (Almeida and K ogut, 1999; Capello, 1999), 
informal contacts (Schrader, 1990; D ahl and Pedersen, 2004), regional interaction between 
business, knowledge and governmental bodies in the form  o f  Triple Helix governance 
(Leydesdorff and Etzkowitz, 1998), strategies o f  open innovation and shared use o f  
technological research infrastructure (Cooke, 2005), spin o ff  dynamics (Lindholm Dahlstrand, 
1997) and co-location in specialized business or science parks (Massey et al., 1992). Storper and 
Venables (2004) argue that face-to-face contact provides an efficient means o f  communication 
by bridging coordination and incentive problem s in uncertain environments and by providing 
psychological motivation to engage in socialization processes underpinning collective learning. 
This im pact goes beyond direct interaction through inter-firm cooperation in innovation 
trajectories. Although much exchange takes place in vertical linkages, collective learning also 
takes place along the horizontal dimension o f  clusters, consisting o f  firms with similar 
productive capabilities and positions (Maskell 2001b). In this sense, spillovers often do not 
take shape through direct interaction, but ‘by watching, discussing and com paring dissimilar 
solutions that clustered firms becom e engaged in the process o f  continuous im provem ents on 
which their survival depends’ (Maskell and Lorenzen, 2004, p. 996). In this sense, buzz and 
network linkages fulfill complementary roles in the innovation process (Visser, 2009).
In this study, where the character o f  knowledge spillovers is concerned, the focus lies on 
interaction in innovation networks through partnership. O ther interaction mechanisms such as 
labour market mobility, spin o f f  dynamics and shared use o f  technological infrastructure are 
left out o f  the analysis. This choice is made on the basis o f  both theoretical considerations and 
pragmatic considerations, concerning data availability. The choice to restrict the analyses on 
partnership linkages between innovating firms, complies with the theoretical focus o f  the 
framework o f  spatial industrial organization centred strongly on network coordination (see 
Section 3.3). A part from  theoretical considerations, data availability also plays a role. The 
Community Innovation Survey puts great em phasis on the spatial scope o f  network linkages. 
The spatial scope o f  other interaction m echanism s is largely unexplored in secondary data 
material. Given the exclusive focus on direct network linkages between innovating firms, it is 
important to note that, on the basis o f  this study, claims regarding the importance o f  network 
linkages in relation to other knowledge diffusion mechanisms cannot be made.
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In this study, spatial dimensions o f  innovation concern both the regional and extraregional 
(international) business environment. In the framework o f  the spatial industrial organization o f  
innovation, at regional level network linkages are coordinated through relatively low dynamic 
transaction costs com pared to coordination at wider spatial scope. On the other hand, 
extraregional connections provide a means to gain access to varying complementary 
com petences which are n ot available around the corner. In this manner the spatial bifurcation 
o f  different types o f  interaction, addressed in Section 2.3, is not treated as an axiom, but rather 
serves as hypothesis in the analysis. I f  regional coordination can exclusively be associated with 
socially em bedded processes o f  collective learning through partnership linkages, and 
extraregional coordination is purely based on market transactions, innovative network linkages 
are relatively easily coordinated at regional level in com parison with wider network linkages 
and complementary com petences are generally available around the corner. Stated differently, 
in a spatially bifurcated world, from  a hom ogenizing perspective, dynamic transaction costs 
considerations in spatial industrial organization are expected to be confirmed, while 
competence considerations are expected to be rejected.
T o summarize this section, innovation is conceived as a (positive) change in the production 
function. Innovation is distinguished from  invention and technological development, taking a 
broad perspective on the knowledge economy. Spatial dimensions in innovation processes 
reveal themselves in spatial spillovers in the regional knowledge production function through 
learning by interacting. In this study the focus lies on innovative network linkages as a 
mechanism for spillovers to occur. This will be taken up by distinguishing between regional 
interaction and interaction at a wider spatial scope. Transaction costs and com petences appear 
as structuring factors o f  patterns in spatial interaction in terms o f  partnership in innovation 
processes. Hence, from  the perspective o f  interaction, knowledge spillovers can be assessed at 
three levels. A  first level focuses on the existence o f  spatially confined spillovers in the 
production function. In the knowledge production function framework the exact character o f  
spillovers remains untouched and the spillover process is reduced to a black box. A  second 
level focuses on the spatial scope o f  partnership in innovation processes. A  third level focuses 
on the underlying spatially discriminating mechanisms and their relation to spatial patterns in 
industrial organization.
4.5.4 Unit of analysis and measurement of space
The determination o f  the basic unit o f  analysis is not a self-evident matter. A s elaborated in 
Chapter 2, territorial innovation m odels analyze clustering from  a regional perspective. The 
wealth and economic perform ance o f  regions is o f  central concern. Theories within industrial 
organisation, elaborated in Chapter 3, consider clustering from  the viewpoint o f  the individual 
innovating firm.
In the theory o f  the firm, firms are considered to be the fundamental unit o f  analysis (Penrose,
1995). A s presented in Section 3.2, firms are defined on the basis o f  ownership and hierarchal 
control. In the first publications on transaction cost theory, the central question focuses on the
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existence o f  firms. However, there is still debate whether firms can be regarded as the 
fundamental unit o f  transaction costs economics. In W illiamson’s (1975) view, the transaction 
itself under conditions o f  asset specificity is the basic unit to which transaction cost theory 
applies. A s touched on in Section 3.3.5, the relationship between simplified theoretical 
concepts such as that o f  the firm and real-life economic organization can act as a complicating 
factor in the choice o f  the unit o f  analysis. For instance, an integrated firm can consist o f  
several business units am ong which coordination is governed by (quasi-) market mechanisms 
(N ooteboom , 2000). In spite o f  a collection o f  independent entities, the innovative network in 
Silicon Valley is in fact, to a certain degree, characterized by com m on ownership through 
business angels partly owning prom ising ventures and actively engaged in the managem ent o f  
those firms (Langlois and Robertson, 1995).
The issue o f  the unit o f  analysis becom es even m ore complicated when spatial dimensions are 
integrated in the analysis. Firms consist o f  one or several plants situated in one or several 
geographical locations. Furthermore, firms and plants are not isolated units. In the w ords o f  
Scott and Storper (1992):
Any given plant will have linkages to other plants in the form  o f  physical inputs 
and outputs, subcontracting relations, information exchanges, and other kinds 
o f  transactions. Where sets o f  plants are linked together in particularly dense 
webs o f  inter-linkage we say that they form  a complex, i.e. a network o f  
functionally inter-dependent production units. A given com plex may or may not 
also be locationally concentrated in geographical space, but when it (or a 
significant part o f  it) is concentrated in this way we then have an agglomeration, 
i.e. a spatially-polarised collection o f  interlinked plants. (Scott and Storper, 1992, 
p. 5)
The conceptual relations between plants, firms, com plexes, agglomerations and regions are 
clearly summarized in Figure 4.2. Because o f  traded and untraded interdependencies, partly 
linked to institutional and cognitive synergies in regionally em bedded collective learning 
processes (Lorenzen and Foss, 2003), a tendency can be observed to integrate regions as actors 
in the conceptual framework. Through collective learning processes, localized capabilities are 
built to establish the platform  o f  heterogeneity on which the competitiveness o f  firms can be 
built or augmented (Maskell, 2001a, p. 339). In the concept o f  the learning region, for instance, 
learning capacities and capabilities are attributed to the region itself, as a system in which social 
actors produce learning synergies in mutual interaction. Law son (1999), for instance, extends 
firm-level competence perspectives to the level o f  the region. H ere, the regional environment 
(or the regionally em bedded cluster — see Lorenzen, 2004), is presented as an ensemble o f  
shared routines, resources and capabilities.
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Figure 4.2 Potential units o f analysis in the spatial organization o f innovation
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Source: Scott and Storper, 1992, p. 6
It is important to note that applications within this framework are subject to the same risks on 
a tautological way o f  reasoning as identified by Simmie (2005, p. 793) in relation to the 
innovative milieu. Localized collective capabilities assist innovative firms, while at the same 
time localized capabilities are built through collective learning processes between the same 
firms. Hence, delineation o f  innovation systems is not a self-evident matter (Carlsson et al.,
2002). A s put forward in Section 2.3, apart from  geographical em beddedness, firms are 
em bedded in globally organized production chains (Dicken et al., 2001). Geographical 
boundaries play only a subordinate part in sectoral systems o f  innovation, operating under 
differing technological regimes (Breschi and Malerba, 1997; Malerba, 2002). Similarly, 
geographical borders do not necessarily form  the boundaries in technological systems 
(Carlsson, 1997). Additionally, the difference between national and regional delineation is o f  
importance, to explicitly distinguish between em beddedness based on regional synergies in 
local and regional systems o f  innovation approaches and em beddedness based on institutional 
and cultural structuring mechanisms in national innovation systems. A s Beugelsdijk (2007) 
argues, innovation systems typically call for a multilevel analytical framework which takes into 
account different structuring contexts (firms, clusters, regions, nations, technological regimes) 
relevant to collective learning processes.
Pragmatic considerations often play a decisive part in choices concerning delineation at 
aggregate levels. Regional delineation is often based on administrative boundaries based on
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public governance jurisdiction (Richardson, 1978). The issue o f  governance is an attractive 
choice, since it relates directly to administrative regions, for which a great deal o f  statistical 
material is available. A s Richardson (1978) states, this choice is often fed by highly pragmatic 
considerations.
[...] defining regions precisely is such a nightmare that m ost regional 
econom ists prefer to shy away from  the task, and are relieved when they are 
forced to work with administrative regions on the grounds that policy 
considerations require it or that data are not available for any other spatial units. 
(Richardson, 1978, p. 17)
T o summarize, in assessing spatial dimensions o f  innovation, the choice o f  the basic unit o f  
analysis depends on the research question addressed, the theoretical viewpoint from  which 
research is undertaken and the availability o f  data. A s reported earlier, this study draws from  
two complementary lines o f  theory, territorial innovation m odels and industrial organization. 
Territorial innovation m odels are based on the region as fundamental unit o f  analysis. 
Although territorial innovation m odels base their arguments partly on firm specific factors, the 
basic question focuses on regional economic development. Industrial organization is 
predominantly based on the firm as basic unit o f  analysis. The central concepts in the theory o f  
the firm are applicable to firm-specific factors. Transaction cost econom ics refer to transaction 
and firm-specific questions. Dynamic transaction costs are directly related to firm-specific 
capabilities to persuading, negotiating, coordinating, learning from  and teaching actors in the 
production environment to bridge cognitive distance in collective learning processes. In 
theories o f  industrial organization, this capacity is firm-specific in its nature. T o  understand 
spatial dimensions in innovation processes, regional analyses m ust be com plem ented by 
analyses which take individual firms as the basic unit o f  analysis. This study takes a mixed 
approach and focuses on both the region and the individual firm as unit o f  analysis.
As reported in Section 4.3, an important advantage o f  the aggregated regional level as point o f  
departure is the data availability on broad dimensions o f  the knowledge economy. However, 
insight in interaction mechanisms at the level o f  the individual firm cannot be established on 
the basis o f  the aggregate data. Analyses based on regional aggregates have to be 
com plem ented by an analytical framework that takes the individual innovating firm engaged in 
collaborative partnerships as its point o f  departure. From  this line o f  reasoning, in this study, in 
addition to analyses on regional aggregates, empirical analyses are carried out in an analytical 
framework which focuses on learning processes through innovative network linkages from  
individual firm perspective. Based on modern innovation indicators derived from  the 
Community Innovation Survey, the focus lies on spatial manifestations o f  partnership linkages 
in innovative networks. By explicitly distinguishing between different form s o f  spatial 
interaction, in this individual firm level framework, regional network em beddedness is not 
taken as an axiom in the assumptive domain. Instead, in the framework o f  spatial industrial 
organization, spatial scales o f  network interaction are placed at the heart o f  the analysis.
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However, given the critical evaluation on the Community Innovation Survey, this analytical 
line o f  research also suffers from  som e disadvantages. A s reported in Section 4.3, despite 
recent advances, indicators in the Community Innovation Survey predominantly place a great 
deal o f  em phasis on technological aspects o f  innovation. An important drawback is also the 
fact that for m ost countries it is not possible to reliably distinguish business locations in survey 
outcom es. The reason lies in complications in relation to stratified sam pling procedures which 
do not take business location as a basis for strata upon which the sampling procedure is built. 
Therefore, in m ost countries, on the basis o f  the Community Innovation Survey, spatial 
dimensions in innovation can only be taken up in the analytical framework in as far as the 
spatial scope o f  innovative network linkages is concerned.
In this study, spatial dimensions o f  innovation are assessed through a multi-level perspective at 
the aggregate level o f  the region and the micro level o f  the individual firm. The first 
perspective relates to theoretical arguments stated in the territorial innovation m odels 
literature, the latter relates to the framework o f  the spatial industrial organization o f  
innovation, elaborated in Chapter 3 to provide complementary insights to the territorial 
innovation m odels arguments. Unfortunately, on the basis o f  the data at our disposal, it is not 
possible to bring both perspectives together in an analytical setting that com bines firm level 
and regional data as suggested by Beugelsdijk (2007) who pleads for a multilevel approach in 
the analysis o f  spatial dimensions o f  innovation. The reason lies in the drawback that in the 
Community Innovation Survey, it is not possible to distinguish business locations in reliable 
survey outcom es at regional level37.
4.5.5 Research focus
In Section 4.4 opportunities for an im proved insight have been explored in the context o f  
studies which focus on European regions and on spatial dimensions o f  innovation in the 
Netherlands. N ot surprisingly, given the quantitative research design this study employs, the 
focus on Europe and the Netherlands has been motivated strongly by pragmatic 
considerations concerning data availability. Analyses based on regionally aggregated figures are 
focused on European regions. For Europe, regionally aggregated data at the level o f  N U T S-2 
regions are made publicly available by Eurostat as part o f  the N E W C R O N O S data base. For 
N U T S-2 regions, time series data on a broad range o f  aspects relevant to the knowledge 
economy are available for the fifteen mem ber states com prising the European Union before 
May 2004. Analyses based on the micro-level o f  the individual firm, innovating in partnership, 
are based on the Netherlands part o f  the Community Innovation Survey, conducted by 
Statistics Netherlands. Statistics Netherlands runs an on-site desk facility where parties can 
undertake research on the basis o f  micro-level data.
37 H ow ever, a recent fruitful attem pt is conducted by R aspe (2010) on  the basis o f  a survey held on an ad 
hoc basis. The study results in clearly interpretable findings. T h e results suggest that the regional 
environm ent im pacts positively on com petitive strength, although, obviously, firm -specific factors are o f  
prim ary im portance.
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Obviously, pragmatic considerations concerning data availability are not the only aspect used 
as a criterion. The focus on Europe is especially relevant because, in contrast to the United 
States, in Europe research endeavours in the 1990s have been predominantly confined to case 
study research. From  a policy perspective the focus on Europe is relevant because o f  the focus 
on the European Research Area, in which great potential is attached to the regional dimension 
in relation to the aims o f  the Lisbon strategy (European Com m ission, 2001). Indeed, regional 
economic policy in Europe has witnessed a shift from  equity to efficiency, the latter focusing 
on regional competitive strength at the cost o f  a focus on the spread o f  national welfare to 
prom ote cohesive developm ent patterns (Bachtler and Yuill, 2001; 2006). The Netherlands, 
characterized by a relatively flat regional welfare distribution (O E C D , 2009), can be seen as a 
typical example in this respect (see also Section 7.3). In econom ic policies based on efficiency, 
strategies usually depart from  the notion o f  regional competitiveness, in which cluster 
arguments are thought to play a catalyzing role. M oreover, the Netherlands are, not only in 
physical but also in economic terms, characterized by a relatively ‘flat’ landscape in terms o f  
centre-periphery ratios (Brouwer et al., 1999).
4.5.6 Research questions
The goal o f  the research efforts is to improve insight in the spatial dimensions in innovation 
processes on a broader basis than just case descriptions o f  best practices in successful 
exam ples o f  regional growth wonders as input for policy initiative. This study takes a 
hom ogenizing approach employing a quantitative research design to accomplish the research 
aim. Both the analyses at a regional level and at an individual firm level are based on broad 
populations based on which generic patterns in spatial dimensions o f  innovation are assessed. 
In Section 4.5.4 already some light has been shed on the definition and delineation o f  
innovation and spatial dimensions in innovation processes. In the remainder o f  this section the 
research questions are clarified on the basis o f  opportunities for im proved insight in spatial 
dimensions o f  innovation, elaborated earlier in Section 4.5.3.
O n the basis o f  the arguments given in this chapter, two lines o f  research can be distinguished. 
The first line o f  research assesses territorial innovation m odel arguments on the connection 
between regionally em bedded collective innovative capabilities and regional competitive 
strength employing an aggregated level o f  analysis. Here, opportunities to provide added value 
to past research endeavours relate to the application o f  a broader conception o f  the knowledge 
econom y in the regional knowledge production framework than the transform ation o f  R & D  
efforts in technological output in the form  o f  patents. The second line o f  research assesses 
spatial dimensions in innovation processes on the basis o f  the theoretical framework o f  the 
spatial industrial organization, developed in Chapter 3 in order to provide theoretical 
arguments which complement the arguments in stated in territorial innovation models. Here, 
opportunities to provide added value to past research concerns a deeper insight in spatial 
dimensions o f  innovation in terms o f  the structuring elements in the scope o f  innovative 
networks (transaction costs and competence considerations). Given these lines o f  research
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opportunities two main research questions can be formulated, as stated (Boxes 4.4 and 4.6) and 
elaborated below.
Box 4.4 Research question 1
What are the spatial dimensions o f  innovation following the main arguments in territorial 
innovation models at regional aggregate level?
The first research question addresses theoretical arguments in territorial innovation from a 
homogenizing perspective following the geography o f innovation strand in economic 
geography. Spatial economic configurations in which territorial innovation models arguments 
have general validity are characterized by the following features. The first feature concerns an 
uneven landscape in knowledge economy regional assets (Malmberg and Maskell, 1997), in 
which regional specialization patterns on different knowledge economy aspects differ across 
regions and connect positively to agglomeration economies (Simmie, 2001). These patterns are 
resistant to change because limited absorptive capacity prevents less favoured regions in the 
knowledge economy to catch-up with their more advanced counterparts (Pavitt, 1998), an 
argument that has strong implications for regional development potential. The second feature 
concerns the claim that aspects o f the knowledge economy impact positively on regional 
competitive advantage (Cooke, 2002). In quantitative research designs based on the knowledge 
production function, this impact not only concerns the intraregional connection between 
knowledge economy assets and competitive strength, particularly the connection between 
neighboring regions is considered to be o f relevance (Anselin et al., 1997). In addition to the 
environment in the national system o f innovation, also the regional environment serves as 
structuring arena in the knowledge economy (Oughton et al., 2002). Although an important 
argument in territorial innovation models concerns the role o f  the institutional environment, 
hypotheses concerning regional institutional arrangements are not taken into account in this 
study, since the distinction between favourable and hampering institutional conditions for 
innovation, is, from a homogenizing perspective, difficult to make (Grabher, 1993; Langlois 
and Robertson, 1995).
On the basis o f Eurostat’s Regio domain in the NEW CRO N O S database, knowledge 
economy assets can be derived on the basis o f indicators concerning R&D expenditures, 
patent applications, educational attainment and student population. Furthermore, the database 
contains a number o f core economic variables (employment, value added) to be used in 
indicators on regional competitive advantage. In this study, following Gardiner et al. (2001), 
sustained regional competitive advantage is measured through both level and development o f 
labour productivity. Since the data base also contains figures on urban density, agglomeration 
can also be assessed. Most variables are available in time series from 1995 to 2005 at the level 
o f NUTS-2. The main advantage o f Eurostat’s NEW CRO N O S database is that regional data
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cover a broad range o f aspects o f the knowledge economy. The main disadvantage is that only 
traditional indicators are available at a regional level. Therefore, direct measurement o f 
interaction and knowledge flows is not possible and knowledge spillovers are reduced to a 
black box. On the basis o f these data, using both the standard statistical software package SPSS 
and SpaceStat, a program dedicated to spatial econometric techniques (Anselin (1992; 1995), 
the hypotheses summarized in Box 4.5 are elaborated and empirically assessed in Chapter 5.
Box 4.5 Hypotheses connecting to research question 1 concerning spatial dimensions o f 
innovation at regional level
Hypothesis 1.1
The knowledge economy manifests itself spatially through regional specialization in knowledge 
intensive activities
Hypothesis 1.2
Specialization in knowledge intensive activities is positively associated with urban density
Hypothesis 1.3
Specialization in knowledge intensive activities is positively connected to regional competitive 
advantage
Hypothesis 1.4
Knowledge externalities, in terms o f  regional spillovers, impact positively on regional competitive 
advantage
Hypothesis 1.5
Less-favoured regions characterized by low levels in R& D  expenditure do not catch up with their 
regional counterparts showing higher levels o f  R& D  intensity
According to the micro-level theoretical framework o f the spatial industrial organization o f 
innovation, set out in Section 3.5, spatial dimensions o f innovation concern the connection 
between distance and dynamic transaction costs and the connection between distance and 
access to a divergent set o f complementary competences in explorative search strategies. 
Because o f costs associated with face-to-face contact, differing time zones, cultural differences, 
institutional norms and social rules o f behaviour difficulties are more likely to arise in 
extraregional (cross-border) partnerships than in partnerships between actors located in the 
same region (Storper and Scott, 1987). This connection is especially relevant in high­
technology industries and more radical forms o f innovation (innovations new to the sector, as 
opposed to innovations new to the firm), since in these contexts uncertainty is high compared 
to more stable environments. Hence, from a dynamic transaction cost perspective, proximity 
to partners in innovative linkages is to be preferred, especially for small and medium-sized 
enterprises which generally lack resources to invest time and money to bridge the difficulties 
associated with partnership management at wide distances (Knight, 2001).
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Box 4.6 Research question 2
What are the spatial dimensions o f innovation following the main arguments in the framework o f  
the spatial industrial organization o f  innovation at the micro level o f the individual firm 
innovating in partnership?
From a competence based perspective, however, distance is not necessarily detrimental to 
collaborative partnership strategies. Bridging distance through partnership in innovation 
strategies can provide a firm with access to a divergent set o f complementary competences. 
Firms engaged in explorative search strategies therefore are prone to bridge distance through 
partnership linkages in explorative search strategies (Sidhu et al., 2007). Following March’s 
(1991) seminal contribution, exploration can be associated with dedicated R&D-firms, high­
technology activities and radical forms o f innovation. Given these two, at first sight 
contradicting claims, it follows that bridging distance in partnership linkages is, on the one 
hand, more difficult to manage, but, on the other hand, the gains in terms o f access to 
complementary competences can outweigh the transaction costs involved. As Gertler (1995) 
summarizes:
[...] if the technology is truly leading-edge, some firms say they will “go 
anywhere” to obtain it, no matter how far away the producer may be. O f course, 
despite this willingness to transcend long distances to secure the “right” 
technology, it may still be the case that implementation difficulties arise [...]. 
(Gertler, 1995, p. 12)
In this context, Gertler (1995, p. 12) poses the question how the above reasoning affects the 
competitive position o f favourably located firms. In a strict sense, the competence-based 
consideration outlined above assumes a global technological space in which technological 
competences are distributed in line with regional divergent technological pathways (Ahuja and 
Katila, 2004). However, in the situation in which firms in explorative search strategies are able 
to find access to the majority o f complementary competences through partnership linkages at 
regional level, these firms can derive competitive advantage out o f their business location. It is 
this line o f reasoning that takes a prominent position in Porter’s (1998) cluster concept. Club 
members within the cluster derive synergies from cluster complementarities.
On the basis o f the Community Innovation Survey it is possible to empirically assess 
theoretical claims in the framework o f the spatial industrial organization o f innovation at the 
micro-level o f the individual innovating firm. Firstly, the questionnaire contains questions on 
the spatial scope o f partnership, both in geometrical terms and institutional terms. Secondly, 
the survey delivers opportunities to measure transaction costs through questions on the 
difficulty with which partnerships are managed. Thirdly, in the Community Innovation Survey 
a distinction is made between (dedicated) R&D-firms and other firms engaged in innovation.
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Fourthly, since the Innovation Survey also distinguishes the effects o f technological 
improvements in terms o f market position gains, focus can be placed on innovation and is not 
necessarily restricted to invention. Finally, the Community Innovation Survey micro database 
contains several useful contextual variables, such as company size, character o f the innovation 
and industry classification, all o f which attain crucial importance as structuring contingencies in 
the framework o f spatial industrial organization o f innovation. Building on micro-level data 
containing the outcomes o f the Community Innovation Survey (CIS 2.5) encompassing the 
period from 1996 to 1998, the hypothesis summarized in Box 4.7 are empirically assessed in 
Chapter 6 using the standard statistical software program SPSS.
Box 4.7 Hypotheses connecting to research question 2 concerning spatial dimensions o f 
innovation at the micro level o f the individual firm innovating in partnership
Hypothesis 2.1
Transaction costs in innovative network linkages are positively connected to the distance between 
the partners involved
Hypothesis 2.2
Compared to more stable environments, transaction costs in innovative network linkages are 
relatively high in environments characterized by high level o f  uncertainty
Hypothesis 2.3
In relation to partnership linkages in innovation trajectories, small- and medium-sized firms 
engage relatively often in partnerships at limited spatial distance, whereas large firms engage 
relatively often in partnerships at wider levels
Hypothesis 2.4
Innovative firms implementing explorative innovation strategies, collaborate at wider distance 
than firms engaged in exploitative innovation strategies
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5 Knowledge regions in Europe
5.1 In trod u ction
In this chapter, spatial dimensions o f innovation are assessed from a regional perspective. 
Through a statistical analysis o f  secondary data on European regions, five hypotheses already 
touched on in the previous chapter and summarized in Box 4.5, are empirically evaluated. The 
following hypotheses serve as a guideline for the empirical analyses reported in this chapter. 
The hypotheses are based on a homogenizing interpretation o f territorial innovation model 
arguments explored in Chapter 2.
1 The knowledge economy manifests itself spatially through regional specialization in knowledge intensive 
activities
A spatial economic configuration in which territorial innovation arguments have general 
validity is characterized by an uneven spatial distribution o f knowledge economy assets 
(Malmberg and Maskell, 1997). Since the central focus o f enquiry in territorial innovation 
models concerns the answer to the question why innovation is more concentrated in 
some places than in others (Simmie, 2001, p. 11), the basic point o f departure in 
territorial innovation analyses starts with the claim of an uneven spatial distribution o f 
innovative activities strongly oriented to so-called hot spots o f innovation (Pouder and 
St. John, 1996). As stated earlier, the knowledge economy comprises a broad range o f 
aspects related to education, (automatic) information processing, communication 
technological development and innovative applications (O ECD, 1996). Since different 
aspects o f knowledge accumulation and application do not necessarily follow similar 
spatial distributive patterns (De Bruijn and Lagendijk, 2005; Pinto, 2009), regional 
specialization patterns on different knowledge economy aspects such as technological 
development and knowledge application are expected to differ across regions.
2. Specialization in knowledge intensive activities is positively associated with urban density
In almost any regional economic account, spatial configurations in the knowledge
economy are associated with agglomeration economies (Feldman, 1999; Döring and
Schnellenbach, 2006). Human capital, access to information and communication
technologies (ICT) and technological development are all attributed to urban economies
as catalysts o f knowledge exchange, through their position as nodes in dense personal
interactive learning experiences. Urban agglomerations enjoy relatively high standards o f
educational attainment (Glaeser and Saiz, 2004) and offer attractive and open
environments for the creative class (Florida, 2002). Raspe and Van Oort (2004) argue that
ICT sensitivity is relatively high for information intensive activities and that, for these
activities, ICT cannot be seen as a substitute for face-to-face interaction. Since, instead,
the claim o f mutual reinforcement is made, ICT sensitive economic activities ‘love
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agglomeration’. Knowledge intensive activities enjoy so-called urbanization advantages 
available to a broad range o f (not necessarily related) firms located in urbanized areas 
(Jacobs, 1969). These advantages are available to all firms irrespective o f sector. The scale 
and variety o f economic activity in an agglomeration dynamically foster productivity 
growth o f economic activity with constant factor inputs. In this sense, urban density is 
hypothesized to stand in positive connection to innovation38.
3 Specialization in knowledge intensive activities is positively associated to regional competitive advantage
As we have seen in Chapter 2, territorial innovation models have been inspired by growth 
characteristics o f successful regional hot spots. Hot spots such as the ones described in 
the Chapter 1 combine knowledge intensive assets with sustained competitive advantage 
(Cooke, 2002). Co-location o f knowledge-intensive activities facilitates interaction 
through the potential o f organizing capacity and endows top segments in regional labour 
markets and research infrastructures with critical mass to provide external economies o f 
scale and scope in learning trajectories. In this context, external economies in knowledge 
intensive environments relate positively to regional competitive strength. Following 
Gardiner et al. (2004), who define competitive advantage on the basis o f labour 
productivity, sustained competitive advantage relates to relatively high levels o f labour 
productivity over a prolonged period o f time. Hence, at regional level, knowledge 
economy aspects such as technological development and education level are expected to 
relate positively to labour productivity.
4. Knowledge externalities, in terms o f regional spillovers, impact positively on regional competitive 
advantage.
Knowledge spillovers play a central role in the empirically oriented geography o f 
innovation literature (Feldman, 1999). Regions are hypothesized to benefit not only from 
knowledge resources within their boundaries, but also from resources developed in 
regions nearby. In a regional knowledge production framework, in which patent activity 
as knowledge output is built on R&D expenditures as knowledge input, regional 
knowledge spillovers from nearby regions impact positively on output in terms o f patent 
activities (see, for instance, Botazzi and Peri, 2003; Moreno et al., 2005). Equally, a 
positive impact o f the knowledge assets in nearby regions is to be expected in a 
knowledge production function based on transformation o f a broader concept o f know­
38 It must be borne in mind that there is still much discussion between various contributions within 
territorial innovation models on the structure behind external economies (V an Oort, 2002a). In contrast 
to urbanization advantages, localization advantages refer to externalities enjoyed by firms situated in 
environments characterized by specialization, as is the case in Marshallian industrial districts. Since, apart 
from Marshall (1920), also Arrow (1962) and Romer (1986) highlight the sector specific character o f 
knowledge accumulation, these externalities are referred to as M AR (Marshall-Arrow-Romer) 
externalities. Recent discussions explicitly distinguish between Jacobs and M AR externalities (see, for 
instance Glaeser et al., 1992; Henderson et al., 1995). In this study, urbanization advantages are defined as 
benefits enjoyed by firms located in large urban agglomerations.
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how, measured through different aspects o f the knowledge economy, in labour 
productivity as measure for regional competitive strength.
5. Less-favoured regions characterized by low levels in R&D-expenditure do not catch-up with regions 
characterized by higher levels of R&D-intensity
Although many policy initiatives aimed at the catch-up o f lagging regions are based on 
innovation strategies (Shapira, 2005), in the light o f territorial cohesion, territorial 
innovation models are not univocally optimistic. On the one hand, the majority o f 
contributions emphasize the endogenous character o f governance, including government 
intervention, and on the other hand focus is placed on increasing returns arguments 
derived from agglomeration theory in a dynamic context o f cumulative causation39. Core­
periphery patterns in the knowledge economy are, in theory, further accentuated given 
the fact that the large number o f R&D-activities in centres connects to a higher 
propensity to innovate or to adopt innovations (Pavitt, 1998; Vence et al., 2000). Hence, 
an innovation paradox results from the apparent contradiction between the 
comparatively greater need to spend on innovation in lagging regions and their relatively 
low capacity to absorb investments in the knowledge economy, compared to more 
advanced regions (Oughton et al., 2002).
In this chapter, the hypotheses elaborated above are empirically assessed on the basis o f 
traditional knowledge economy indicators on European regions derived from Eurostat’s 
NEW CRO N O S database40. The main advantage o f the database is that, on the basis o f 
NEW CRO N O S, a broad overview o f knowledge economy indicators can be given at the 
regional aggregate level (see also Section 4.3). Apart from R&D and patent activity statistics, 
the database contains indirect indicators o f innovation including both employment in high­
technology manufacturing industries and knowledge intensive services. Additionally, on the 
basis o f educational attainment statistics, insight in human capital can be given in relation to a 
broader set o f knowledge intensive activities than exclusively technological research and 
development, to include also application in fields in which communicative skills, information 
processing competences and intellectual capabilities are o f crucial importance.
As reported in Section 4.3, the major disadvantage o f the use o f traditional innovation 
indicators is the fact that interaction in collective learning processes is left outside the analytical 
framework. On the basis o f NEW CRO N O S knowledge economy indicators, it is
39 Between these contrasting views evolutionary approaches take up a middle position. Evolutionary 
approaches differentiate these agglomeration arguments somewhat, in the sense that cumulative causation 
plays a role within existing development trajectories. In the case o f upcoming breakthrough technologies 
o f the competence-destroying type, new ‘windows o f  locational opportunity (Boschma, 1996) are opened 
for regions which were not necessarily be able to catch-up with their core counterparts under the earlier 
predominating technological regime.
40 The data are publicly available at http: /  /  www.eurostat.eu.
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unfortunately not possible to empirically assess arguments relating to collective learning 
processes through direct interaction or indirect communication through local ‘broadcasting’ 
(Owen-Smith and Powell, 2004) or ‘buzz’ (Storper and Venables, 2004). Moreover, the 
catalyzing impact o f the institutional environment in terms o f organizing capacity (Van den 
Berg and Braun, 1999) cannot be empirically assessed on the basis o f an exclusive focus on 
traditional innovation indicators. Although within the EU  member states a coordinated 
innovation survey (Community Innovation Survey) is conducted by Eurostat, which takes into 
account the systemic character o f innovation processes by including variables that specifically 
address indicators on cooperation in innovation processes and dissemination o f information, 
regional data are not yet available to construct time series with a long enough time horizon to 
account for structural developments for every EU  member state. Although it is not possible to 
empirically assess arguments concerning the interaction o f agents aiming at knowledge- 
oriented growth on the basis o f  NEW CRON OS knowledge economy indicators, the data give 
some insight on the (spatial) relation between knowledge inputs and economic output. Within 
these practical limitations imposed by the data, it is possible to respond to the propositions 
raised above.
In this chapter the above hypotheses are empirically assessed for European NUTS-2 regions41. 
As with all spatially aggregated data, some caution must be maintained in interpreting the data. 
The criteria for NUTS-2 delineation differ between countries which imposes differences in the 
exact nature o f the regions involved in the analysis. For instance, the city o f London is 
comprised out o f two NUTS-2 level regions, the inner and outer city, while in the case o f 
Rome, the NUTS-2 level region o f Lazio comprises the city region Rome including its 
surroundings. Only regions with a population figure o f over 250.000 inhabitants are included 
in the analyses (see Annex 2 for an overview)42. To shed an empirical light on these 
propositions, regional indicators on investments in the knowledge economy and regional 
economic competitive strength have been extracted from Eurostat’s NEW CRO N O S database. 
Data concern the time period from 1995 to 200543.
41 The analyses are based on the 2003 version. Due to limited data availability because o f  a reschedule in 
2006, Sachsen-Anhalt and the Northern parts o f  Scotland are taken as integral units in the analyses (see 
Annex 2).
42 Regions not included in the analyses concern Ceuta and Melilla (Spain), Aland (Finland), Ionian Island 
and the North Aegean region (Greece), Aosta Valley (Italy), Madeira and the Azores (Portugal). French 
Overseas Departments are excluded from the analyses.
43 Because o f limited data availability, figures on educational attainment cover the period from 1999 to 
2005.
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5.2 R e g io n a l co m petitive  ad v an tage
In order to relate knowledge economy aspects to competitiveness at the regional level, a first 
step would be to explore the concept o f regional competitive advantage44. The basic indicator 
o f competitiveness is productivity as the basic determinant o f living standards, since 
productivity depends on both a region’s products and services and the efficiency with which 
these are produced (Porter, 1990). The standard notion o f productivity refers to efficiency 
measured in terms o f productive output per input labour45. As sustained productivity growth 
requires an economy to continually upgrade itself (Kitson et al., 2004, p. 993), in this study, 
both the level o f labour productivity (2005) and the growth o f labour productivity in the 
preceding decade (1995 to 2005) are taken into account. Following O EC D  (2001), labour 
productivity is expressed as gross value added divided by the total sum o f work hours needed 
to build up production.
A formal specification o f the estimation o f regional levels o f  labour productivity is given in 
Annex 3. In outline, the procedure takes the following steps. To arrive at labour productivity, 
we used gross value added figures (price levels and purchasing power parities o f 2000) and the 
amount o f working hours, both at the national level. National figures on gross value added are 
distributed over NUTS-2 level regions on the basis o f Eurostat data on gross value added 
obtained from the Regio domain o f the NEW CRON OS database. Although the Regio domain 
also contains data on usual weekly hours o f work, these figures should not be used to 
distribute national figures to the regional level, since these figures exclusively relate to full-time 
employment (see also Gardiner et al., 2004, p. 1051). It is important to note that, on the basis 
o f such an estimation, resulting figures would not take into account regional differences in the 
rate o f part-time employment within countries. Regions with a relatively large share o f part­
time jobs compared to the country they are situated in, are assigned more work hours than 
justified since the regional distribution o f work hours within the countries under consideration 
is based on usual weekly hours o f work o f full-time equivalents, instead o f employed persons 
in general, whether part-time or full-time employed. This is especially relevant for urbanized
44 Here, the issue o f regional competitiveness is assessed in brief terms only. Interested readers are 
referred to more elaborate accounts on regional competitiveness (as a start, see, for instance, the special 
issues on urban and regional competitiveness in Urban Studies (1999) and Regional Studies (2004).
45 The choice to focus on labour productivity instead o f total factor productivity is made on the basis o f 
pragmatic considerations. In standard growth accounting methodology, total factor productivity concerns 
the rise in growth value added not accounted for by changes in labour and capital as factor inputs. 
Therefore, calculation o f total factor productivity requires data on the stock o f  capital goods usually not 
available at regional level. Furthermore, the issue o f  regional employment rate, which, together with 
labour productivity, determines standard o f  living is left unexplored because o f difficulties related to 
residence- versus work-place measures. Whereas in relation to productivity labour force measures relate 
to the workplace o f  employment, in relation to employment rate, labour force measures are related to the 
residence o f  employees. Commuting across administrative regional boundaries prevents the two to be put 
on a par with each other.
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areas in which part-time employment is generally higher than in less densely populated areas. 
To arrive at a more accurate estimation, we used an alternative method o f shift-share 
estimation, based on working hours by industry at the national level combined with regional 
production structure figures on employment at the sectoral level. National figures o f work 
hours by industry are distributed over NUTS-2 level regions on the basis o f employment 
figures by industry and then aggregated in a total amount o f work hours by region. On the 
basis o f the secondary data at our disposal, this is the best conceivable solution to arrive at 
regional estimates for labour productivity.
National figures on gross value added and amount o f working hours are obtained from the EU  
KLEM S database (Timmer et al., 2007). The benefit o f the database is that it provides 
economic data at the industry level rather than solely at aggregate national level. In the short 
time since construction, the database has grown to a standard and widely used source in 
economic accounts focusing on competitive advantage46. In the analytical framework employed 
in this study, an important advantage o f the database concerns the fact that information on 
working hours is given at the industry level, which is needed to arrive at regional estimates o f 
working hours following shift-share estimation.
In Figure 5.1 the gross value added in purchasing power parities per working hour in 2005 is 
depicted over NUTS-2 level regions in Europe. Figure 5.2 concentrates on productivity growth 
during the period from 1995 to 2005. The figures reported concern standardized values. 
Descriptions o f original scores are reported in Table 5.1. Productivity is relatively high in 
North-Western Europe, compared to Southern and Eastern Europe. Spanish and Italian 
regions generally perform better than Greece and Portugal on productivity levels in 2005, but 
show remarkably low growth figures in the preceding decennium. Within Italy, a clear division 
between productivity performance in the Northern and Southern part o f the country can be 
observed. Eastern European regions still have a large gap to catch up with other European 
regions in 2005 productivity figures. Most Eastern European regions are well underway and 
show impressive growth figures in productivity levels in the ten years before 2005. The same 
pattern can be observed in regions situated in the former German Democratic Republic. 
Regions in the Eastern part o f Germany show low productivity levels compared to other 
German regions but generally, with the exception o f Berlin, perform better in terms o f 
productivity growth. Regions with capital-intensive production structure such as Groningen 
(mining), Antwerp and Hamburg (cargo handling and petroleum refinery) or high value added 
services (Brussels, Luxemburg, Frankfurt, Paris and London) show top levels in productivity 
performance. In general, urban agglomerations show relatively high productivity figures (see 
also Table 5.2). Other regions which show high productivity levels concern Southern parts o f 
Germany, Flanders and the Randstad metropolitan area in the Netherlands.
46 See http://www.euklems.net.
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Figure 5.1 Labour productivity1, by NUTS-2 region11, 2005
Source: EU  K LEM S 2008 (March 2008); Eurostat (N EW CRO N O S Regio Domain), Statistics 
N  etherlands (Regional Economic Accounts)
* G ross Value Added per working hour 2005 (ECU purchasing power parities and exchange rates 2000), 
z-scores (categories based on a cumulative percentile distribution o f 25; 50; 75; 90; 95; and 100) 
n N U TS2 regions EU15, Czech Republic, Hungary, Poland and Slovakia, excluding Ceuta and Melilla 
(Spain), Aland (Finland), French Overseas Departments, Ionian Island and the North Aegean region 
(Greece), Aosta Valley (Italy), Madeira and the Azores (Portugal)
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Figure 5.2 Labour productivity growth^ by NUTS-2 region“, 1995-2005
< -0.55
Source: EU  K LEM S (March 2008); Eurostat (N EW CRO N O S Regio Domain), Statistics 
Netherlands (Regional Economic Accounts)
! Annual growth in Gross Value Added per working hour (prices, EC U  purchasing power parities and 
exchange rates 2000), 1995 to 2005, z-scores (categories based on a cumulative percentile distribution o f 
25; 50; 75; 90; 95; and 100)
ii NUTS2-level regions in EU15, Czech Republic, Hungary and Slovakia, excluding Ceuta and Melilla 
(Spain), Aland (Finland), French Overseas Departments, Ionian Island and the North Aegean region 
(Greece), Aosta Valley (Italy), Madeira and the Azores (Portugal)
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Table 5.1 Labour productivity^ 2005, and labour productivity growth“, by NUTS-2 
region” , 1995 to 2005
L ab o u r productivity L ab our productivity growth
Euro percent
Mean 26.31 1.6
Minimum 10.67 -2.4
Maximum 47.62 5.3
Standard deviation 6.94 1.1
Number o f  observations 217 217
Source: E U  K LEM S (March 2008); Eurostat (N EW CRO N O S Regio Domain), Statistics Netherlands 
(Regional Economic Accounts)
x G ross value added (ECU purchasing power parities and exchange rates 2000) per working hour 
u Annual growth in gross value added (ECU purchasing power parities and exchange rates 2000) per 
working hour
u NUTS2-level regions in EU15, Czech Republic, Hungary and Slovakia, excluding Ceuta and Melilla 
(Spain), Aland (Finland), French Overseas Departments, Ionian Island and the North Aegean region 
(Greece), Aosta Valley (Italy), Madeira and the Azores (Portugal)
Apart from the Eastern European regions earlier mentioned, productivity growth in Ireland, 
the greater Stockholm area and the city o f London is impressive, with annual productivity 
growth figures over 3 percent, roughly twice the average regional growth level in the EU-15. 
The city o f Athens experienced the highest productivity growth rate during the period from 
1995 to 2005. Whether structural factors are at the basis o f this growth is questionable since 
neighbouring regions showed a dramatically decline o f productivity levels. The exact 
explanation behind these divergent patterns in productivity growth is unknown and Eurostat 
does not report major rearrangements in the NUTS classification scheme relating to Greek 
regions in the period under consideration.
As depicted in Figure 5.3, the concept o f sustained competitive advantage implies a 
combination o f above-average growth and level o f labour productivity. Regions which most 
convincingly combine both aspects during the period 1995 to 2005 are the southern and 
western region o f Ireland (IE02), the greater Stockholm region (SE01) and the inner city o f 
London (UKI1). For reasons explained earlier, the strongly increased productivity level in 
Athens (GR30) has to be interpreted with caution, while the high level o f labour productivity 
in Groningen, the Netherlands (NL11) can be traced back to the exploitation o f the gas field in 
Slochteren o f which the added value is weakly connected to the regional economy in the 
Northern part o f the Netherlands.
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Figure 5.3 Sustained competitive advantage^ by NUTS-2 region11
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Source: E U  K LEM S (March 2008); Eurostat (N EW CRO N O S Regio Domain), Statistics
Netherlands (Regional Economic Accounts)
i Sustained competitive advantage is based on a combination o f  the level o f  gross value added per 
working hour in 2005 and the growth o f gross value added per working hour during 1995 to 2005. Scores 
on are expressed as z-values. Figures are based on gross value added expressed in prices, exchange rates 
and purchasing power parities o f 2000.
ii NUTS2-level regions in EU15, Czech Republic, Hungary and Slovakia, excluding Ceuta and Melilla 
(Spain), Aland (Finland), French Overseas Departments, Ionian Island and the North Aegean region 
(Greece), Aosta Valley (Italy), Madeira and the Azores (Portugal)
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Urbanized areas generally build up relatively high productivity levels. As is shown in the 
figures in Table 5.1, a clear positive connection exists between urban density, measured in 
terms o f population count per square kilometre, and labour productivity. A one-way ANO VA 
analysis delivers an F-ratio o f 11.3, which is statistically significant at the one percent level47. 
Consequently, it can be concluded that there is a significant difference in labour productivity 
between different levels o f urban density. The difference in labour productivity growth cannot 
be traced back to structural differences in urban density. Here, the F-ratio does not exceed a 
value o f 0.5, which is not significant, not even at a level o f 10 percent. Similarly, Spearman’s 
rank correlation coefficient p proves to be statistically significant for the positive connection 
between urban density and labour productivity (Spearman’s p =  0.37 with N  =  217). The 
connection between urban density and productivity growth is not confirmed by a statistically 
significant correlation coefficient (Spearman’s p =  0.05).
Table 5.2 Urban densityi and labour productivity1^  NUTS-2 regionsm, 1995-2005
U rban density N Productivity level 2005 Productivity growth 1995-2005
Euro percent
500 and over 25 31.8 1.8
250 to 500 40 29.0 1.5
100 to 250 68 26.1 1.5
50 to 100 43 23.1 1.6
less than 50 22 23.2 1.5
Source: E U  K LEM S (March 2008); Eurostat (N EW CRO N O S Regio Domain), Statistics
Netherlands (Regional Economic Accounts)
i Urban density is measured through population head count per square kilometre.
ii The level o f labour productivity is based on gross value added per working hour in 2005 (ECU 
purchasing power parities and exchange rates 2000). The development o f  labour productivity is based on 
the average annual growth rate o f  gross value added (prices, exchange rates and EC U  purchasing power 
parities o f 2000) per working hour during 1995 to 2005 as a percentage o f  the level in the preceding year. 
iu NUTS2-level regions in EU15, Czech Republic, Hungary and Slovakia, excluding Ceuta and Melilla 
(Spain), Aland (Finland), French Overseas Departments, Ionian Island and the North Aegean region 
(Greece), Aosta Valley (Italy), Madeira and the Azores (Portugal)
47 The F-ratio is based on the ratio between the variance between groups (here categories o f  NUTS-2 
regions based on urban density) and the variance within groups. In analysis o f variance, the latter 
component is often referred to as error or residual variance. Central reasoning in analysis o f variance is 
that if  groups stem from the same population, the between groups estimate o f variance should more or 
less be equal to the within groups variance.
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Figure 5.4 Spatial autocorrelation o f sustained competitive advantage^ NUTS-2 regions11, 
1995-2005
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Source: E U  K LEM S (March 2008); Eurostat (N EW CRO N O S Regio Domain), Statistics
Netherlands (Regional Economic Accounts)
i Scores are expressed as z-values. The level o f labour productivity is based on gross value added per 
working hour in 2005 (ECU purchasing power parities and exchange rates 2000). The development o f 
labour productivity is based on the average annual growth rate o f gross value added (prices, exchange 
rates and E C U  purchasing power parities o f  2000) per working hour during 1995 to 2005 as a percentage 
o f  the level in the preceding year.
ii NUTS2-level regions in EU15, Czech Republic, Hungary and Slovakia, excluding Ceuta, Melilla and the 
Canary Islands (Spain), Aland (Finland), French Overseas Departments, Ionian Island and the North 
Aegean region (Greece), Aosta Valley (Italy), Madeira and the Azores (Portugal).
To assess the extent o f spatial concentration o f regional competitiveness, the regional scores 
on both productivity level and growth has been plotted against the scores o f neighbouring 
regions on the same variable. Results are depicted in Figure 5.4. In this manner, insight is 
gained in the extent o f spatial clustering o f sustained regional competitive strength. Scores o f 
neighbouring regions are obtained through a so-called spatial lag function48. Interactions
48 The spatial lag is obtained through multiplication o f the original scores o f  neighbouring regions 
through a distance matrix W. The matrix used here is based on a quadratic distance decay function with a 
cut-off o f  500 kilometres, so that:
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decline with distance and interactions above a distance o f 500 kilometres are assumed to be 
negligible. Relatively high scores on both productivity level as productivity growth are 
associated with relatively high values in neighbouring regions, whereas relatively low values are 
connected to low scores in neighbouring regions. This pattern leads to the conclusion that 
there is a strong extent o f spatial clustering o f sustained regional competitive strength. To test 
the spatial distribution o f knowledge economy components formally, Moran I coefficients are 
included in the analysis.
The Moran I coefficient provides an indication o f spatial correlation o f municipal scores with 
their surrounding areas49 and ranges from minus 1 (extreme negative spatial autocorrelation - 
comparable to a checkerboard pattern) to plus 1 (extreme spatial clustering). For large 
populations, under the assumption o f no spatial autocorrelation, the expected value tends to 
zero. The standard error depends on the assumptions made. The z-values relate to the 
hypothesis that spatial patterns under consideration are an expression o f a random 
configuration in space under the assumption o f normality o f the underlying variables50. 
Positive values on the Moran coefficient relate to a pattern in which, in general, relatively high 
values on variables at the regional level go together with relatively high values on the same 
variable in surrounding regions. The Moran I statistic amounts 0.64 for regional productivity 
level and 0.31 for regional productivity growth. The positive coefficients are strongly 
significant at the one percent level which leads to conclude a strong pattern o f spatial 
clustering for regional productivity in terms o f both level and growth.
Wij — d,f2 for dj <  500 kilometres; Wj — 0 for dtJ >  500 kilometres,
in which dj is the distance between the centroids o f NU TS-2 regions i and j  in kilometres. The matrix 
takes an N  by N  form  with the diagonal set by convention at 0. Standardized weight matrices, as used 
here, are converted so that the values in each row sum up to unity.
49 The Moran I coefficient for a variable x  in a population o f  n regions can be given the following 
algorithm in which xi is the observation in region i and xj is the spatially weighted observation in 
surrounding areas obtained through a distance decay function on the basis o f  a weight matrix w (see 
previous note):
ZZ wj (xi - v )(xj - v )
I =—J.— j----------------------------------------
5  Z (x. -v)2
S is a scaling factor based on the weight matrix. Essentially, the coefficient is based on the comparison o f 
the covariance o f spatially connected observations with the variance o f  all observations.
50 Another assumption relates to randomization in the sense that all regional configurations are equally 
likely. Apart from  these assumptions the hypotheses can also be tested through simulation. The results 
obtained under the assumption o f  randomization and through simulation do not differ significantly from  
the results under the assumption o f  normalization and are not presented in this chapter. For an extensive 
elaboration, see Anselin (1988).
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5.3 R e g io n a l sp ec ia liza tio n  in k n o w led ge in ten sive activ ities
In the preceding section, a descriptive analysis has been given on sustained competitive 
advantage in European regions in terms o f regional labour productivity. Before giving an 
assessment o f the relation between the regional knowledge fabric and sustained competitive 
advantage, to be elaborated in Section 5.4, this section gives a descriptive analysis o f the 
knowledge fabric in European regions. As argued in Section 4.5.3, the learning economy 
comprises a wide range o f activities not limited to the traditional conception o f high­
technology activities and research and development (Lundvall and Johnson, 1994). The 
knowledge economy is a multi-faceted phenomenon in which education (learning by 
understanding), development (learning by exploring) and application (learning by doing) play 
an important role. Endogenous growth accounts (Lucas, 1988; Romer, 1990) point to the 
relevance o f both R&D and schooling. As elaborated in Section 4.3, the former can be 
measured by tracing the input factor o f investments in R&D (gross expenditures on R&D, 
commonly measured in relation to gross domestic product) or employment (R&D-personnel 
in relation to total employment) or through the output factor o f the total number o f patent 
applications (usually measured in relative terms against population or employment). 
Knowledge embodied in human capital is usually measured in terms o f human resources in 
science and technology (defined on the basis o f both occupation and education criteria in 
relation to total population), educational attainment (as measured through employees with 
tertiary education as highest education level attained in relation to total employment) and 
lifelong learning (employees engaged in lifelong learning in relation to total employment). 
Including the education level o f the student population (students attending tertiary education 
in relation to the total population) gives insight in future potential o f human knowledge capital. 
Furthermore, both high-technology activities and knowledge intensive application can be 
measured through indirect assessment, on the basis o f employment figures in high- and 
medium high-technology manufacturing (in relation to total employment in manufacturing) 
and high-technology and knowledge-intensive services (in relation to total employment in 
service activities).
The following variables are incorporated in the analysis51. Descriptives are included in Table
5.3. In Annex 4, the scores on the individual variables are mapped over NUTS-2 level regions 
in Europe.
- gross domestic expenditures on R&D in business enterprise sectors as a share in GDP, 
1995 to 2005 [RDBES];
- gross domestic expenditures on R&D in the non-profit sectors (education, government and 
private non-profit institutions) as a share in GDP, 1995 to 2005 [RDNPI];
- employment in R&D positions as a share in total employment, 1995 to 2005 [RDEMP];
- human resources in sciences and technology (education criterion), as a share in population, 
1995 to 2005 [HRSTEDU];
51 See Section 4.3 for a detailed account on the indicators.
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- human resources in sciences and technology (occupation criterion), as a share in 
population, 1995 to 2005 [HRSTOCC];
- number o f patent applications at the European Patent Office per million employees, 1995 
to 2005 [PATAPP];
- number o f high-technology patent applications at the European Patent Office (EPO) per 
million employees, 1995 to 2005 [HTPAPP];
- employment in medium high-technology manufacturing as a share in total employment in 
manufacturing, 1995 to 2005 [MHTMAN];
- employment in high-technology manufacturing as a share in total employment in 
manufacturing, 1995 to 2005 [HTMAN];
- employment in high-technology services as a share in total employment in services, 1995 to 
2005 [HTSER];
- employment in knowledge intensive services as a share in total employment in services, 
1995 to 2005 [KIS];
- employees with tertiary education as highest level education attained, as a share in total 
employment, 1999 to 2005 [TEDATT];
- employees participating in life-long learning, as a share in total employment, 1999 to 2005 
[LLL];
- students attending tertiary education as a share in total population, 1999 to 2005 
[TEDSTUD].
A bivariate correlation analysis o f which the results are depicted in Table 5.4, reveals the tight 
relation between indicators o f the knowledge economy. Because the distribution o f employees 
engaged in life-long learning shows a pattern strongly divergent from a standard normal 
distribution with two clearly distinguished peaks, the variable is not included in further 
analyses. To correct for positive skewness, variables concerning R&D and patent applications 
are transformed using the base 10 logarithm function. All depicted correlation factors are 
significant at the 1% level. Spatial patterns o f students in tertiary education stand in weak 
relation to spatial patterns o f  business enterprise R&D-spending, patenting activity and 
knowledge intensity o f manufacturing. To prevent the analysis from a complex pattern o f 
sometimes strongly related indicators and mutually overlapping constructs principal 
components analysis is performed o f which the results are summarized in table 5.552.
52 Principal components analysis (PCA) is a statistical technique applied to a set o f  variables to reveal 
coherent subsets that are relatively independent o f  one another. While formally, PCA is distinguished 
from factor analysis (principal axis factoring), m ost contributions call the results o f both principal 
components and factor analysis factors. By analogy, here, the term factor is also used to refer to both 
PCA and principal axis factoring. The difference between PCA and principal axis factoring lies in the 
treatment o f unique variance o f  individual variables. In principal axis factoring the analysis focuses 
exclusively on common variance between the variables and unique variance, conceived as measurement 
error, is left out o f  the analyses. In PCA unique variance is not conceived as a nuisance but is treated, 
next to common variance, as a full ingredient in the analysis. PCA is the principal solution for a reduction
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Table 5.3 Knowledge economy indicators^ NUTS-2 regions11, 1995-2005m
M ean Standard deviation M inim um M axim um
R D B ES (%) 1.0 0.9 0.0 4.9
R D N P I (%) 0.6 0.4 0.0 1.9
R D EM P (%) 0.9 0.6 0.1 2.8
H R ST ED U  (%) 12.2 4.3 4.0 24.1
H R STO C C  (%) 11.3 3.4 4.1 23.5
PATAPP 230 221 0 1160
HTPAPP 37 59 0 442
M H TM AN (%) 27.8 9.9 0.0 53.9
HTM A N  (%) 6.3 4.3 0.0 25.6
H T SE R  (%) 4.3 1.6 0.0 10.9
K IS (%) 42.9 6.7 21.7 60.1
T E D A T T  (%) 24.2 7.7 8.0 52.0
T E D ST U D  (%) 2.1 0.9 0.2 5.4
L L L  (%) 10.0 7.4 0.5 26.3
Source: Eurostat (N EW CRO N O S Regio Domain)
i All figures relate to average numbers over the total period in consideration. Figures on patent 
applications per million employees are given in absolute numbers. All other figures relate to percentages.
ii N U TS-2 level regions (N =  198) in EU15, excluding Ceuta, Melilla (Spain), Aland (Finland), French 
Overseas Departments, Ionian Island and the North Aegean region (Greece), Aosta Valley (Italy), 
Madeira and the Azores (Portugal)
iu Figures on education levels and lifelong learning [TED A TT; T E D ST U D ; LLL] relate to the period 
ranging from 1999 to 2005.
o f  variables in an empirical summary o f the data set. The goal o f PCA is to extract maximum variance 
from a data with each component. The first component is a linear combination o f  observed variables that 
maximally separates subjects by maximizing the variance o f their component scores. Subsequent 
components are formed on the basis o f  residual correlations. In PCA, an eigenvalue o f  1, the explanatory 
value o f an average observed variable, serves as statistical criterion for a factor to be included in further 
analyses. At this point, PCA assumes multivariate normality. Extensive background information on 
principal components analysis is given in Tabachnick and Fidell (2001).
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Table 5.4 Correlation matrix, summary o f resultsi
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R D B ES (log) 1.00
g)o(l
E|
0.35 1.00
R D EM P (log) 0.86 0.68 1.00
H R ST ED U 0.45 0.42 0.55 1.00
H R STO CC 0.60 0.46 0.61 0.62 1.00
PATAPP (log) 0.65 0.24 0.56 0.32 0.68 1.00
H TPA PP (log) 0.73 0.43 0.70 0.47 0.74 0.89 1.00
M HTM AN 0.58 0.21 0.48 0.37 0.55 0.58 0.57 1.00
HTM AN 0.55 0.35 0.51 0.38 0.53 0.39 0.58 0.34 1.00
H T SE R 0.66 0.50 0.72 0.52 0.69 0.56 0.71 0.49 0.65 1.00
K IS 0.53 0.29 0.48 0.57 0.68 0.53 0.62 0.39 0.48 0.61 1.00
T E D A T T 0.40 0.36 0.51 0.95 0.46 0.24 0.40 0.31 0.35 0.49 0.55 1.00
T E D ST U D 0.01 0.35 0.27 0.33 0.05 -0.12 0.05 -0.10 0.10 0.18 0.22 0.40
Source: Eurostat (N EW CRO N O S Regio Domain)
1 Coefficients in italic typography are statistically significant with a  =  0.01.
The analysis produces three factors with eigenvalues higher than 1. To increase the 
interpretative value o f the resulting factors, oblique rotation is applied to the original 
components53. Both the eigenvalues o f the resulting component s and their correlation with 
the original variables is given in Table 5.5. In Figures 5.4 to 5.6, the factor scores are mapped 
across NUTS-2 regions in Europe.
53The essence o f  rotation is to increase the interpretative value o f  components without losing the 
mathematical fit o f the underlying solution (see for instance Tabachnick and FideH (2001) for some 
background material on rotation). Although the most commonly used rotation used rotation Varimax is 
orthogonal (see, for instance, Raspe and Van Oort, 2006), here, the choice is made for the oblique 
rotation o f quartimin, given the fact that territorial innovation models provide several clues for regional 
coherence o f different aspects o f the knowledge economy (see Chapter 2). Unlike orthogonal rotation in 
which components are per definition independent o f one another, in quartimin, a fairly high amount o f 
correlation between components is allowed.
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Table 5.5 Principal components analysis, summary o f resultsi
Factor 1: 
D evelopm ent
Factor 2: 
A pplication
Factor 3: 
E ducation
Extraction
Eigenvalue 6.91 1.77 1.00
Structure (Pearson’s R)
LG PA TH T 0.92 0.39 0.17
LG PA T 0.86 0.23 -0.08
L G R D B E S 0.86 0.35 0.24
H R ST_O C C 0.82 0.55 0.15
H TS 0.80 0.50 0.40
L G R D P E R 0.78 0.45 0.60
MTM 0.72 0.31 -0.12
HTM 0.65 0.35 0.31
E D U 0.40 0.96 0.32
H R ST _ED U 0.49 0.95 0.29
KIS 0.66 0.67 0.13
LG R D N P 0.44 0.34 0.80
STUD -0.07 0.49 0.72
Components (Pearson’s R)
Factor 1 1.00
Factor 2 0.39 1.00
Factor 3 0.14 0.31 1.00
Source: Eurostat (N EW CRO N O S Regio Domain)
1 Extraction through principal components analysis. Quartimin rotation with Kaiser Normalization. 
Values in italic typography indicate a considerable correlation with the factors they are assigned to.
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Figure 5.5 Factor score ‘development’1, by NUTS-2 region1
< -0.60 
-0.60 -0 .07
Source: Eurostat (N EW CRO N O S Regio Domain)
i Categories are based on a cumulative percentile distribution o f 25; 50; 75; 90; 95; and 100 o f z-scores.
1 NUTS2-level regions in EU15, excluding Ceuta and Melilla (Spain), Aland (Finland), French Overseas 
Departments, Ionian Island and the North Aegean region (Greece), Aosta Valley (Italy), Madeira and the 
Azores (Portugal)
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Figure 5.6 Factor score ‘application^, by NUTS-2 regionü
Source: Eurostat (N EW CRO N O S Regio Domain)
i Categories are based on a cumulative percentile distribution o f 25; 50; 75; 90; 95; and 100 o f z-scores
1 NUTS2-level regions in EU15, excluding Ceuta and Melilla (Spain), Aland (Finland), French Overseas 
Departments, Ionian Island and the North Aegean region (Greece), Aosta Valley (Italy), Madeira and the 
Azores (Portugal)
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Figure 5.7 Factor score ‘education^, by NUTS-2 region
Source: Eurostat (N EW CRO N O S Regio Domain)
i Categories are based on a cumulative percentile distribution o f 25; 50; 75; 90; 95; and 100 o f z-scores
1 NUTS2-level regions in EU15, excluding Ceuta and Melilla (Spain), Aland (Finland), French Overseas 
Departments, Ionian Island and the North Aegean region (Greece), Aosta Valley (Italy), Madeira and the 
Azores (Portugal)
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Factor 1, labelled as ‘development’ correlates strongly with patent applications, expenditures in 
R&D, human resources in science and technology occupations and R&D-functions. A 
moderate to strong connection is shown between the first factor and employment in high- and 
medium-high technology sectors. Given the strong orientation on R&D, this component is 
labelled ‘development’. The significance o f this factor confirms our expectation that regions 
can differ greatly with respect to the role o f high-technology activities. The factor shows 
moderately positive relationships with employment in knowledge intensive services and 
employees with tertiary education. The Southern part o f Germany turns out to contain many 
o f Europe’s hot spot regions in technology development. Scandinavian regions, Oxford and 
Cambridge in England, German cities and conurbations like Hannover and the Ruhr Area, and 
Brabant in the Netherlands also score well above average. In France, the top regions in 
technological development concern the region o f Paris (Ile de France), Grenoble (Rhone valley 
and French Alps) and Toulouse (Mid-Pyrenees). In Spain, Madrid and Catalonia distinguish 
themselves from the rest o f the country and hot spot regions in technological development in 
Italy are situated in the Western parts o f the Alps in the Piedmont region around Turin. 
Peripheral regions like Greece, the Southern Mezzogiorno area in Italy and the greater part o f 
Spain, do not score well on technological development.
The second factor, labelled ‘application’, is strongly related to attainment o f higher education, 
both in general terms and in terms o f the more specific variety o f academic and technical 
education relevant for science and technology jobs. According to a growing body o f literature, 
human knowledge resources are not mobilized exclusively to attribute to technological 
development. Thompson et al. (2001) point to the importance o f social needs in an interactive 
service setting, whereas McCloskey and Klamer (1995) address the economic relevance o f 
persuasive communicative skills. Florida’s (2002) creative class encompasses a much broader 
work field than research or technological development alone. Therefore, the second factor is 
labelled ‘application’ to address the fact that human knowledge resources are, to a large extent, 
exploited through economic application, mostly in knowledge-intensive services, like 
consultancy, financial and legal services (see also Section 4.3). These perspectives on the broad 
array o f activities that constitute the knowledge economy, are empirically illustrated by the fact 
that the second factor is positively connected to the factor o f development, with a small or at 
most modest strength o f association with Pearson’s R o f around 0.4. Additionally, the 
association between knowledge intensive services and the factor ‘development’ can be 
understood as an empirical confirmation o f the supportive role knowledge intensive services 
play in development clusters as co-producers o f innovation (Den Hertog, 2000). Capital cities 
like Brussels, London, Paris, Stockholm, Helsinki and Berlin score high on application. Often 
these cities not only serve as national hot spots but play a fundamental role in international 
networks, such as Brussels as seat o f the European Commission and London as the central 
node in the global financial system. Scandinavia, as a whole, scores high on knowledge 
intensive application. In Spain, Madrid, the Basque region and Catalonia are the top regions in 
knowledge intensive application, mainly because o f their relatively large proportion o f highly 
educated employees in total employment. In the Netherlands the Northern wing o f the
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Randstad (Utrecht and Amsterdam) distinguishes itself on application, given its role as national 
and increasingly international service centre in sectors like financial services and creative 
industries. In comparison to the spatial distribution o f technological development, scores on 
application are less strictly reserved for core regions. For instance, surprisingly high scores on 
application are found in Scottish regions, to a large extent based on both high shares o f highly 
educated employees in total employment and the share o f knowledge intensive services in the 
Scottish production structure. Also, the Eastern part o f Germany, the former German 
Democratic Republic, shows high levels in application, mainly because its relatively large 
proportion o f highly educated employees in total employment.
The third factor shows strong connections with both the number o f students in total 
population and R&D-spending o f non-profit institutions, primarily higher education 
institutions, which points to a straightforward interpretation in terms o f education. In the 
spatial pattern depicted in Figure 5.7, apart from capital cities, educational centres like Oxford, 
Cambridge in England, Edinburgh in Scotland, Groningen in the Netherlands and Toulouse in 
France draw attention. In regions at the Western side o f Greece, the impact o f higher 
education institutes is striking both in terms o f the number o f students in relation to total 
population and expenditures in R&D from higher education institutes in the total gross 
regional product.
Table 5.6 and Figure 5.8 focus on the spatial distribution o f component scores in the 
knowledge economy. As Table 5.6 shows, components o f the knowledge economy show 
strong relations with urban density. In general, urbanized areas score relatively high on 
components o f the knowledge economy. F-values in one-way ANO VA54 add up to 10 for both 
development and application. For both components, Spearman’s rank correlation coefficient g 
is statistically significant at the level o f 1 percent, with values o f 0.40 and 0.31 respectively, 
indicating a moderate positive connection between development and application on the one 
hand and urban density on the other. The relation between urban density and the component 
o f education is considerably weaker. Although the F-value o f 3.9 is an indication o f statistically 
significant differences in education level between different categories based on urban density, 
the correlation coefficient o f 0.09 is not an indication o f a statistically significant positive 
connection (not even at the 10 percent level) between urban density and education.
In Figure 5.8 the regional scores on knowledge economy components have been plotted 
against the scores o f neighbouring regions on the same component. In this manner, insight is 
gained in the extent o f spatial clustering o f knowledge economy assets. Scores o f neighbouring 
regions are obtained through a so-called spatial lag function55. Interactions decline with 
distance and interactions above a distance o f 500 kilometres are assumed to be negligible. The 
cut-off at 500 kilometres is drawn because in case studies documented the concept o f regional
54 See Note 48.
55 See Note 49.
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scale does not extend beyond 500 kilometres. In a comparative study on the scale o f Porter’s 
cluster concept (Enright, 1993) the cluster with the widest scale concerns the supranational 
chemical cluster o f German and Swiss firms which stays within the scope o f 500 kilometres. 
Most cases, implicitly or explicitly, define the regional level on the basis o f a territory that stays 
within the scope o f a few hours travel (see, for instance, Audretsch and Feldman, 1996a) so 
that an appointment can be made without necessarily have to spend the night away from 
home. Since for both development and application, relatively high scores on each knowledge 
component in regions are associated with relatively high values in neighbouring regions, 
whereas relatively low values are connected to low scores in neighbouring regions, this patterns 
leads to the conclusion that there is a strong extent o f spatial clustering o f knowledge intensive 
activities as far as development and application are involved. For the component o f education, 
visual evaluation o f the scatter in which regional scores are plotted against their spatial lag, 
does not lead to a conclusion o f a clear spatial pattern deviating from a random distribution.
Table 5.6 Urban densityi and knowledge economy component scores, NUTS-2 regions“, 
1995-2005
U rban density Factor 1: 
D evelopm ent
Factor 2: 
A pplication
Factor 3: 
E ducation
500 and over 0.48 0.88 0.58
250 to 500 0.48 0.26 0.03
100 to 250 0.04 -0.16 -0.27
50 to 100 -0.39 -0.47 -0.06
less than 50 -0.75 -0.05 0.23
Source: Euiostat (N EW CRO N O S Regio Domain)
I Urban density is measured through population head count per square kilometre.
II NUTS2-level regions in EU15, excluding Ceuta and Melilla (Spain), Aland (Finland), French Overseas 
Departments, Ionian Island and the North Aegean region (Greece), Aosta Valley (Italy), Madeira and the 
Azores (Portugal)
To test the spatial distribution o f knowledge economy components formally, Moran I 
coefficients are included in the analysis. The Moran I coefficient provides an indication o f 
spatial correlation o f municipal scores with their surrounding areas56 and ranges from minus 1 
(extreme negative spatial autocorrelation - comparable to a checkerboard pattern) to plus 1 
(extreme spatial clustering).
56 See N o te  50.
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Figure 5.8 Spatial autocorrelation of knowledge economy components1, NUTS-2 regions“, 1995-2005
Source: E u rosta t (N E W C R O N O S  Regio Dom ain)
I Scores are expressed as z-values.
II N UTS2-level regions in EU 15, Czech Republic, H ungary and  Slovakia, excluding Ceuta, Melilla and the Canary Islands (Spain), A land (Finland), French Overseas D epartm ents, 
Ionian Island and the N o rth  A egean region (Greece), A osta Valley (Italy), M adeira and the A zores (Portugal).
For large populations, the expected value tends to zero. The standard error depends on the 
assumptions made. The z-values relate to the hypothesis that spatial patterns under 
consideration are an expression o f a random configuration in space under the assumption o f 
normality o f the underlying variables57. Positive values on the Moran coefficient relate to a 
pattern in which, in general, relatively high values on variables at the municipal level are linked 
to relatively high values on the same variable in surrounding municipalities. The Moran I 
statistic amounts 0.62 for development, 0.58 for application and 0.00 for education. The 
positive coefficients are significant at the one percent level (for 197 cases the standard error o f 
the coefficient is 0.03) which leads to conclude a strong pattern o f spatial clustering for 
development and application in the knowledge economy. For education the spatial pattern 
cannot be distinguished from a randomly distributed spatial pattern.
Figure 5.9 Dendogram (Ward’s method o f hierarchal agglomerative clustering), NUTS-2 
regionsi
Source: Eurostat (N EW CRO N O S Regio Domain)
1 NUTS2-level regions in EU15, excluding Ceuta and Melilla (Spain), Aland (Finland), French Overseas 
Departments, Ionian Island and the North Aegean region (Greece), Aosta Valley (Italy), Madeira and the 
Azores (Portugal)
57 See N o te  51.
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Through cluster analysis a categorization o f region types in the knowledge economy has been 
achieved (see Table 5.7 and Figures 5.8 and 5.9) on the basis o f the three factors described 
above58. The main reason to include the factor scores in the cluster analysis, and not the 
original underlying variables, is that the use o f highly intercorrelated variables can be seen as an 
implicit weighting o f the variables in the analysis. To arrive at a typology o f knowledge regions 
in Europe, agglomerative clustering based on Ward’s method has been used59. For a proper 
interpretation o f the results, some words o f caution must be added. The simple overview of a 
limited number o f region types comes at a cost. Cluster analysis is based on simple heuristic 
rules o f thumb, not on more standardized statistical reasoning60. Moreover, different cluster 
methods produce different results. Hence, variables should be chosen on the basis o f an 
explicitly stated theory that is used to support the classification and empirical results should be 
interpreted with caution. If possible, external validation o f the results greatly enhances the 
benefit o f the results. Also, in the interpretation o f results one must always bear in mind that 
the typology is a somewhat rude simplification o f the underlying empirical basis. In general, the 
results are useful for getting a general overview of overall patterns in the dataset, but results are 
less suitable to evaluate individual regions. Given the shape o f the dendogram (see Figure 5.9), 
in which the cluster procedure is visually presented with the error sum o f squares on the 
vertical axis and the cases on the horizontal axis, a classification in three clusters appears to be 
the most robust classification in the data61.
58 The reason behind the use o f cluster analysis is to find groups o f relatively similar entities in a sample 
o f data. Groups o f  similar entities are termed clusters, not to be confused with the theoretical concept o f 
clusters described in Section 2.2.
59 In the social sciences agglomerative clustering based on Ward’s m ethod is the most commonly used 
method in cluster analysis (Aldenderfer and Blashfield, 1984). Agglomerative methods start at N  clusters. 
Through N  — 1 steps all cases are categorized under one single cluster. In the course o f this procedure, 
non-overlapping clusters o f  cases are formed. These clusters are nested in the sense that with each step a 
cluster is subsumed as a member o f a more inclusive cluster at a more abstract level o f  similarity. The 
agglomeration o f  cases in clusters occurs in Ward’s method on the basis o f an optimal minimum variance 
within clusters, termed the error sum o f squares (ESS). At the first step, E SS equals zero. Ward’s method 
works by joining those groups or cases that result in the minimum increase o f ESS. The results o f 
analyses based on Ward’s method o f hierarchal agglomerative clustering are sensitive to profile elevation 
and have shown to generate clusters o f  relatively equal sizes and shapes as hyperspheres (Aldenderfer and 
Blashfield, 1984, pp. 43-44), thereby enhancing the interpretability o f results.
60 The basic problem concerns the impossibility to arrive at an acceptable null-hypothesis that there is 
some structure in the data.
61 Visual inspection o f significant jumps in the dendogram helps in determining the number o f  clusters. 
Since a jump implies that two relatively dissimilar clusters have been merged (Aldenderfer and Blashfield, 
1984, p. 57), the number o f  clusters should be chosen in such as way that significant jumps result in 
separate cluster entities.
153
Table 5.7 Cluster analysis (Ward’s method o f hierarchal agglomerative clustering), NUTS-
2 regionsi, summary o f results
C luster
Factor 1:
N
D evelopm ent
Factor 2: 
A pplication
Factor 3: 
E ducation
Knowledge hot spot 39 0.89 1.15 1.19
Surface level region 118 0.22 -0.11 -0.47
Knowledge extensive periphery 41 -1.47 -0.78 0.20
Source: Eurostat (N EW CRO N O S Regio Domain)
i NUTS2-level regions in EU15, excluding Ceuta and Melilla (Spain), Aland (Finland), French Overseas 
Departments, Ionian Island and the North Aegean region (Greece), Aosta Valley (Italy), Madeira and the 
Azores (Portugal)
The results o f the analysis are depicted in Table 5.7 and Figure 5.10. The first cluster contains 
over half o f the population o f NUTS-2 regions. The mean scores on the factor variables do 
not differ much from zero. Hence, regions which fall under this type o f knowledge region are 
labelled surface level regions in the knowledge economy. The second cluster consists o f cases 
which score relatively high on all distinguished components o f the knowledge economy. 
Roughly one fifth o f all cases fall within this category o f NUTS-2 regions. The third cluster 
scores low on the factor development. Furthermore, in general the cases in this type o f region 
score, on average, relatively low on the factor application. Although the regions within this 
type o f knowledge region score just above average on the component o f education, the mean 
score does not differ much from zero. Given the low scores on both development and 
application, this type o f region is labelled knowledge extensive regions and because o f the 
distribution o f this type o f region over space the label reads knowledge extensive periphery. In 
Figure 5.10 the typology is mapped over Europe. Knowledge extensive regions are 
concentrated in the Southern part o f Europe. Knowledge extensive regions are situated in the 
Mezzogiorno area, central and southern parts o f Spain and Greece. Hot spot regions in the 
knowledge economy concern city regions like southwest England (London, Oxford, 
Cambridge), Paris (Ile de France), the Dutch Randstad and the Flemish Diamond, Madrid, 
Berlin and Vienna. The majority o f regions within Scandinavia falls within the hot spot type o f 
region. Also, Scotland and the most densely populated part o f Ireland is, according to the 
cluster analysis, characterized as hot spot in the knowledge economy. In Germany, apart from 
the well-documented Bavaria region (see for instance Sternberg and Tamasy, 1999; Nam, 
2000), also lesser well-documented regions such as Karlsruhe and Braunschweig fall within the 
hot spot category.
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Figure 5.10 Knowledge region types (Ward’s method o f hierarchal agglomerative clustering),
NUTS-2 regionsi
Source: Eurostat (NEW CRONOS Regio Domain)
i NUTS2-level regions in EU15, excluding Ceuta and Melilla (Spain), Aland (Finland), French 
Overseas Departments, Ionian Island and the North Aegean region (Greece), Aosta Valley 
(Italy), Madeira and the Azores (Portugal)
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To conclude, in this section different aspects o f knowledge are mapped across European 
regions within a factorial research design combined with cluster analysis. Over the last years, 
this practise has gained considerable popularity since, on the basis o f publicly available 
secondary data material, it succeeds in identifying regional typologies based on key 
characteristics o f regional innovation systems from a homogenizing perspective, thereby 
complementing to insights from case study based research (Navarro et al., 2009). In this study, 
a factor analysis has revealed three different aspects o f the regional knowledge economy, 
development, application and education. On the basis o f the spatial distribution put forward in 
Figures 5.4 to 5.6, different characteristics o f the knowledge economy show different location 
patterns across European regions. The spatial distribution o f knowledge economy components 
closely resembles earlier research endeavours by De Bruijn and Lagendijk (2005) and Pinto 
(2009). Although these accounts are based on a different sets o f knowledge economy 
indicators and different time periods, the components explaining the highest proportion o f 
variance connect strongly to comparable factors in earlier research. The component o f 
development connects strongly to both De Bruijn and Lagendijk’s (2005) knowledge economy 
component o f position in high-technology sectors and Pinto’s (2009) component o f 
technological innovation. In a similar vein, the component o f application is linked closely to 
the position in knowledge intensive services (De Bruijn and Lagendijk, 2005) and human 
capital (Pinto, 2009). Development and application show clear signs o f spatial clustering, in the 
sense that low and high scores on these aspects are not randomly distributed across Europe. 
Education follows a more randomly distributed pattern. Development and application are 
moderately positively correlated. Cluster analysis produces three categories o f knowledge 
regions: knowledge intensive hot spots, surface level regions in the knowledge economy and 
knowledge extensive regions located on the Southern fringes o f Europe. Hot spot regions 
score well above average on all three distinguished aspects o f the knowledge economy. Hence, 
a generic clear-cut specialization on specific elements o f the knowledge economy cannot be 
demonstrated, a finding that can be interpreted as a pointer in favour o f diversification into 
different aspects o f the knowledge economy. On the other hand, there are regions which 
distinguish themselves on just one aspect o f the knowledge economy. The province o f Brabant 
(the Netherlands) only peaks in the component o f development. London is almost exclusively 
focused on application and the regions on the Western side o f Greece are specialized in 
education and score below average on the other two knowledge economy components. In 
general, these examples are exceptions o f the general finding that knowledge economy hot 
spots score above average on more than just one knowledge economy component. Whether 
regional specialization in knowledge intensive activities, as theory predicts, has a positive 
connection to competitive strength is the central question which will be addressed in Section
5.4.
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5.4 R e g io n a l know led ge a sse ts  an d  com petitive  ad v an tage
In territorial innovation models, regional specialization in the knowledge economy as such, is 
not of central importance in theoretical arguments. It is the connection between regional assets 
in the knowledge economy and competitive strength that is o f central importance in the 
territorial innovation models explored in Chapter 2. Case studies elaborate the connection 
between knowledge assets, innovation and competitive strength, as we have seen, for instance, 
in case studies which focus on Third Italy localities in Emilia-Romagna and Tuscany (Section 
1.1). On the basis o f the figures presented in the preceding paragraphs, it can be concluded 
that these cases not necessarily distinguish themselves on both competitive strength, as 
measured by labour productivity, and knowledge assets. For instance, with labour productivity 
o f 27.2 respectively 26.0 both Emilia-Romagna and Tuscany score below the EU-15 average o f
27.5 Euro value added per working hour62. Also, Third Italy regions do not stand out on 
knowledge assets. Emilia-Romagna scores on development, application and education below 
or just above the EU-15 average, while Tuscany performs among the top quartile regions 
exclusively in education. However, presentation o f these figures does not imply a denial o f 
earlier case study research outcomes. A few remarks are in order. Firstly, the specific aspects o f 
competitive strength reported in the literature, as reported in Section 1.3 concern learning by 
doing (often in master apprentice relations) and non-technological innovations in marketing 
and design. Secondly, partially related to the first point, the impact o f non-technological 
innovations is often constrained in specific (artisan) niche markets like jewellery and fashion. 
Thirdly, the majority o f case studies which have served as best practices in territorial 
innovation models relate predominantly to the late 1970s, 1980s and early 1990s. The period to 
which the data refer relates to the years thereafter. Fourthly, other exemplary cases perform 
more convincingly in the descriptive analyses presented in the preceding paragraphs. Strong 
performing regions have been extensively analysed in case study research during the nineties 
and the early years o f the new millennium. Such cases concern for instance Baden- 
Wurttemberg (Hassink, 1992; Staber, 1996; Heidenreich and Krauss, 2004), Southeast Brabant 
(Boekholt and De Jager, 2004; Rutten and Boekema, 2007) and Scandinavian regions (Maskell, 
2004; Hospers, 2004; Asheim and Coenen, 2005).
In this section the connection between knowledge assets and competitive strength is analyzed 
on the basis o f a broad population o f European regions. This connection is assessed in various 
ways. Firstly, descriptive analyses are performed in which the typology o f knowledge regions 
developed in the previous paragraph is connected to competitive strength measured through 
the level and growth o f labour productivity. Furthermore, the individual components o f the 
knowledge economy (based on principal component analysis reported in the previous section) 
are related to labour productivity. Secondly, following De Bruijn and Lagendijk (2005), an 
ANOVA regression analysis is performed to gain insight in the impact that the knowledge 
regional taxonomy exerts on competitive strength in relation to the national environment,
62 Figures relate to value added per working hour in EC U  purchasing power parities o f 2000.
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generally considered an important structuring environment for competitive strength (Lundvall, 
1992; Nelson, 1993; Freeman, 1995). Thirdly, a regression analysis is performed within the 
context o f the regional knowledge production function (Botazzi and Peri, 2003; Greunz, 2003, 
2005; Moreno et al., 2005) to explain variance in regional competitive advantage through the 
components o f the knowledge economy as explanatory variables in which the model estimates 
are corrected for the impact o f spatial spillovers and disturbances due to spatial autocorrelation 
(Cliff and Ord, 1981; Odland, 1987; Anselm, 1988).
Both Table 5.8 and Figure 5.11 reveal a clear connection between knowledge region type and 
competitive strength. Knowledge economy hot spot regions achieve productivity levels which 
are 60 percent above the level o f knowledge extensive peripheral regions, while the growth 
levels in total factor productive o f hot spot regions is more than twice the growth level of 
knowledge extensive regions. The question on the significance o f these differences will be 
included also in relation to the structuring effect o f the national environment in both 
productivity level and productivity growth (see Tables 5.9 and 5.10).
Table 5.8 Labour productivityi, 1995 to 2005, by knowledge region type (Ward’s method 
o f hierarchal agglomerative clustering)
C luster Productivity level 
2005
Productivity growth 
1995-2005
Euro percent
Knowledge hot spot 32.0 1.9
Surface level region 28.3 1.4
Knowledge extensive periphery 20.6 0.8
Total population 27.5 1.4
Source: E U  K LEM S (March 2008); O E C D  (National Accounts o f  O E C D  Countries. Main
Aggregates); Eurostat (N EW CRO N O S Regio Domain), Statistics Netherlands (Regional 
Economic Accounts)
i The level o f labour productivity is based on gross value added per working hour in 2005 (ECU 
purchasing power parities and exchange rates 2000). The development o f  labour productivity is based on 
the annual growth o f gross value added (prices, exchange rates and EC U  purchasing power parities o f 
2000) per working hour during 1995 to 2005 as a percentage o f  the level in the preceding year.
ii NUTS2-level regions in EU15, excluding Ceuta and Melilla (Spain), Aland (Finland), French Overseas 
Departments, Ionian Island and the North Aegean region (Greece), Aosta Valley (Italy), Madeira and the 
Azores (Portugal)
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Figure 5.11 Labour productivity, 1995 to 2005, by knowledge region type (Ward’s method 
o f hierarchal agglomerative clustering)
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In Figure 5.11 the individual scores on both productivity level and growth have been plotted 
for the three region types in the knowledge economy. Out o f 39 hot spot regions in the 
knowledge economy, 22 regions achieve a combination o f both above-average productivity 
levels and above-average productivity growth figures during the period 1995 to 2005. Only one 
hot spot region in the knowledge economy (Eastern Scotland) underperforms both in terms o f 
productivity level and growth. On the other hand, knowledge extensive regions are 
predominantly located in the quadrant in Figure 5.11 which contains scores below average on 
both productivity level and growth. Out o f 41 lagging regions in the knowledge economy, 28 
regions combine below-average scores on both labour productivity 2005 and the annual 
growth rate o f labour productivity during the period 1995 to 2005.
Table 5.9 summarizes the results o f an analysis o f variance within labour productivity across 
NUTS-2 regions in the EU-15, and the variance across regions within the typology o f
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European knowledge regions developed on the basis o f the empirical material summarized in 
Section 5.2. In the analysis 192 NUTS-2 regions in fifteen member states across three region 
types are involved. The results in Table 5.9 only partially confirm the results o f earlier research 
by Oughton et al. (2002), in which a similar analysis o f variance within and across EU  member 
states was performed.
Table 5.9 Analysis o f variance in labour productivity (2005) and labour productivity 
growth (1995-2005) across NUTS-2 regions in EU  member states, summary o f 
results
Variation Fi
E U  member states across nations within nations total
Labour productivity 74.6 39.3 113.9 28.4**
Labour productivity growth 70.3 55.8 126.0 18.8**
Knowledge region types across region types within region types total
Labour productivity 45.2 68.8 113.9 62.1**
Labour productivity growth 20.4 105.7 126.0 18.2**
1 * *  indicates significance at the 1 percent level
Source: Eurostat (N EW CRO N O S Regio Domain); E U  K LEM S (March 2008); O E C D  (National 
Accounts o f  O E C D  Countries. Main Aggregates); Statistics Netherlands (Regional Economic 
Accounts)
Table 5.10 Analysis o f variance in labour productivity (2005) and labour productivity 
growth (1995-2005) across NUTS-2 regions in EU  member states and 
knowledge region types, summary o f results
F n i s 1 F r i s 1 R2 (ad ju sted)
Labour productivity 21.2** 34.6** 73.3
Labour productivity growth 14.3** 3.5* 54.1
1 *  indicates significance at the 5 percent level; * *  at the 1 percent level
Source: Eurostat (N EW CRO N O S Regio Domain); E U  K LEM S (March 2008); O E C D  (National 
Accounts o f  O E C D  Countries. Main Aggregates); Statistics Netherlands (Regional Economic 
Accounts)
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Unlike Oughton et al.’s (2002, p. 99) interpretation o f the sizeable volume o f variance within 
countries as an indication o f  the relevance o f territorial innovation model arguments, 
differences in knowledge inputs and economic output within nations do not necessarily have 
to be regarded as an indication o f a systematic relationship between regional knowledge 
strategies and regional economic performance. The only sound conclusion that can be drawn 
from the results, given the high value o f F, is that both nations and knowledge region type 
matter strongly in competitive strength. In analogy with De Bruijn and Lagendijk (2005), to 
further examine the impact o f knowledge region types and E U  member states on interregional 
differences in economic output, we performed a factorial design with nation and region type as 
independents and economic output, in terms competitive strength (both the level o f labour 
productivity in 2005 and the development over the period 1995 to 2005), as dependent 
variable. The results are summarized in Table 5.10. The interaction between member states and 
knowledge region type is not significant for both level and growth o f labour productivity. In 
comparison with the outcomes published in De Bruijn and Lagendijk (2005, p. 1169) the 
outcomes o f the analysis point more strongly towards the relevance o f region types in the 
knowledge economy at the cost o f the impact o f the national environment on competitive 
strength. Although there are important differences in the variables incorporated in the analysis, 
a possible explanation for this difference might lie in the time frame under consideration, 
which is nearly twice as long as the time horizon used in De Bruijn and Lagendijk (2005). As 
Terkla and Doeringer (1991, p. 339) point out, since the national environment, in interaction 
with regional production structure, is especially o f relevance in short and medium time frames, 
longer term considerations on productive efficiency are particularly important as a structural 
factor in economic development.
Table 5.11 Correlation matrix (Pearson)
Factor Productivity level 2005 Productivity growth 1995-2005
Development 0 .66** 0.35**
Application 0.47** 0.34**
Education 0.06 0.11
* *  indicates significance at the 1 percent level
Source: Eurostat (N EW CRO N O S Regio Domain); E U  K LEM S (March 2008); Statistics Netherlands 
(Regional Economic Accounts)
Table 5.11 contains the individual Pearson correlation coefficients to relate the individual 
components o f the knowledge economy, derived from principal components analysis reported 
in the previous paragraph, to competitive strength, as measured by labour productivity level 
and labour productivity growth. A statistically positive connection is revealed between both
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development and application on the one hand, and both the level and growth o f labour 
productivity on the other hand.
In Tables 5.12 and 5.13 the relation between knowledge assets and competitive strength is 
assessed though regression analysis within the framework o f knowledge production functions 
from endogenous growth theory (Romer, 1990; Jones, 1995; Young, 1998). Standard 
applications at a regional level are built on the transformation o f expenditures in R&D as input 
and patent activity as output (Botazzi and Peri, 2003; Greunz 2003, 2005; Moreno et al., 2005). 
In this study a broader interpretation o f both knowledge inputs and economic output is 
applied by taking labour productivity, in terms o f both productivity level and growth, as 
dependents in the analyses as indicators o f sustained regional competitive advantage. The 
knowledge economy components o f development, application and education constructed 
earlier on the basis o f a factorial research design serve as independents. Hence, in this study, 
the regional knowledge production function describes the transformation o f knowledge 
economy components in sustained competitive advantage, the latter measured in terms o f both 
level and growth o f labour productivity. It is important to note that an application in these 
terms, apart from the fact that the unit o f analysis is set at the regional level, differs from 
original knowledge production functions applied at the national level in three respects. Firstly, 
following the arguments stated in Section 5.2, in this study competitive advantage measures are 
based on labour productivity rather than total factor productivity63. Secondly, whereas in 
original knowledge production functions technological knowledge developed on the basis o f 
R&D is central in the analyses, in this study not only technological knowledge in terms o f 
R&D, but also knowledge related to application and education are considered important 
knowledge inputs. Whereas in original knowledge production functions, the stock o f 
knowledge capital is estimated on the basis o f assumptions concerning the contribution o f 
R&D investments to the social stock o f knowledge capital, in this study the social stock o f 
knowledge is based on regional factor scores on knowledge assets in the sense o f know-how in 
the different contexts o f development, application and education64. Here, the analysis is based 
on knowledge economy components relating to the total period ranging from 1995 to 2005 as 
indicators o f know-how in the different contexts o f development, application and education. It 
is assumed that knowledge economy indicators stand in linear connection to sustained
63 Although some studies at the regional level do take account o f total factor productivity (see Ezcurra et 
al., 2009, for an application on European regions), estimation o f  total factor productivity cannot be 
accomplished without employing some far-reaching assumptions on the relation between investment, 
capital depreciation and initial capital stock. See also Note 46.
64 In empirical research the effect o f  R& D  on productivity is often examined on the basis o f the R&D 
capital approach (Griliches, 2000), in which R& D  capital is calculated as accumulated R& D  investments 
over a long period o f time, adjusted for depreciation because o f  obsolescence o f knowledge. By using 
R& D  investments as a percentage in gross regional product as the basis o f  the principal component 
analysis (Section 2.3), a less complicated method is chosen to comply with earlier research endeavours in 
the field o f  economic geography (apart from the studies mentioned in Note 67, see Pinto, 2009; Navarro 
et al., 2009).
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competitive advantage65. Thirdly, in this study spatially confined spillovers between proximate 
regions are central in the analysis, whereas endogenous growth accounts at the national level 
focus spillovers at the macro level.
In addition to the three components o f the knowledge economy, to account for agglomeration 
economies which do not exclusively relate to knowledge spillovers, but relate also to efficiency 
gains based on more static economies o f scale and scope, urban density, is included in the 
model66. Apart from standard model estimates based on ordinary least squares which rely on 
the assumption o f mutual independence o f cross-sectional units, attention is paid to the 
possibility o f spatial autocorrelation by including models based on spatial econometrics 
(Anselin, 1988; Anselin and Bera, 1998; Anselin, 2001; Florax and Nijkamp, 2004). In spatial 
econometrics, spatial autocorrelation is modelled by means o f a functional relationship 
between a variabley , or error term e, and its associated spatial lag, respectively Wy for a spatially 
lagged dependent variable and We for a spatially lagged error term (Anselin and Bera, 1998, p. 
246). The resulting specifications are referred to as spatial lag and spatial error models67. In the 
spatial lag model, regional competitive strength is not only dependent on the explanatory 
factors that relate to the situation within the region, but also on the competitive strength o f 
neighbouring regions, formally modelled as a weighted average. In the spatial error model 
spatial dependence is restricted to the error term. Intuitively, one can think o f spatial 
dependence through omitted variables with a spatial dimension, such as culture, labour market 
dynamics or physical factors. Apart from spatial dependence, spatial effects can also take shape
65 In the context o f  the connection between R& D  capital and total factor productivity growth, this is a 
highly debated issue (interested readers are referred to Jones, 1995 and Young, 1998). The choice for 
assumptions concerning linear relationships between knowledge economy inputs and sustained 
competitive advantage, apart from  pragmatic considerations concerning computational efficiency, is 
based on common practice in economic geography studies that relate knowledge input to economic 
output (see, for some recent examples, Gossling and Rutten, 2007; Tappeiner et al, 2008; Rodríguez-Pose 
and Crescenzi, 2008; Sterlacchini, 2008).
66 To correct for positive skewness, a logarithmic transformation on urban density has been carried out.
67 A  (first-order) spatial lag model can be formally expressed as:
y  =  gWy +  X p  +  £,
in whichy  is the dependent variable, Wy the dependent variable in neigbouring locations (the spatial lag 
o f  the dependent - see also footnote 49), p a spatial autoregressive coefficient and £ a vector o f error 
terms. The (first-order) spatial error model reads as:
y  =  X p  +  s
with
£ =  XW£ +  f
where X is the spatial autoregressive coefficient for the error lag Ws and f  is an uncorrelated and 
homoskedastic error term. For the derivation o f  estimation procedures see Anselin (1988) and Anselin 
and Bera (1998).
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through spatial heterogeneity (Anselin, 1988, pp. 8-9) which can be modelled by including two 
or more spatial regimes by which the explanatory variables in the model interact. In the 
European context one can think of, for instance, the different (historical, institutional, cultural) 
contexts the North Western member states o f the European Union, member states on the 
Southern fringes o f Europe and the recently accessed new member states, the majority which 
are former CO M ECO N members in the 1980s.
As substantiated in the previous section, in the analyses an inverse distance weight matrix with 
quadratic distance decay and a cut-off o f 500 kilometres is used68. As in the previous section, 
the analyses are based on NUTS-2 level regions in the fifteen countries, which were already 
members o f the European Union before 2004. O f these regions, the following are left out o f 
the regression analyses:
- regions with an extremely small economic mass (population figure smaller than 250 
thousand), which are also excluded in the descriptive analyses reported in the preceding 
sections;
- the Canary Islands, because spatial econometrics can exclusively be applied to contiguous 
space and not to distant island economies (because o f the cut-off function in the applied 
lag function, neighbouring regions for the Canary Island are non-existent);
- Groningen (the Netherlands), because the level o f labour productivity is extremely high 
due to factors (gas exploitation) that are in essence unrelated to the regional economic 
environment;
- Greek regions because o f outliers in labour productivity growth.
Empirical guidance in the analytical steps stems from the joint use o f the Lagrange multiplier 
coefficient on spatial error and spatial lag (Anselin and Rey, 1991; Florax et al., 2003)69. Apart 
from the unidirectional Lagrange multiplier tests also their robust alternatives are reported. 
These robust diagnostics account for the potential presence o f a spatial lag or spatially 
correlated errors, when applying the test for spatial error and spatial lag, respectively (Anselin 
et al., 1996). Additionally, standard diagnostics on normality and homoscedasticity o f residuals 
are reported70. It is important to note that caution must be maintained in using these diagnostic 
coefficients. In situations where both heteroscedasticity and spatial dependence may be 
present, tests against heteroscedasticity have been shown to be very sensitive to the presence
68 See also Note 49.
69 The Lagrange multiplier tests on spatial error and spatial lag are unidirectional tests with the spatial 
error and spatial lag model structure as alternative hypothesis against a structure without spatial 
autoregression (see Florax and Nijkamp, 2004).
70 The Jarque-Bera coefficient test on the normality o f  residuals (both skewness and kurtosis are 
assessed). Lagrange multiplier tests developed by Breusch and Pagan, or — depending on the outcome o f 
the Jarque-Bera test — Koenker and Bassett, test on the homoscedasticity o f residuals. The first is used in 
the situation o f a normal distribution o f residuals, while the latter is used for non-normal residual 
distributions.
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o f spatial dependence (Anselin, 1990). Also, the use o f diagnostics on normality and 
homoscedasticity is based on some arbitrary features. In the Jarque-Bera test the distribution is 
reduced to characteristics o f quartiles and tests on normality distributional characteristics are 
sensitive to sample size. Because o f these drawbacks, the somewhat arbitrary use o f diagnostics 
has to be complemented by visual inspection o f residual distributions (Fox, 1991). Residual 
distributions o f the models reported in Tables 5.12 and 5.13 are analyzed in Annex 5.1
Firstly, an ordinary least squares model estimation is performed with the level o f labour 
productivity in 2005 as dependent. The results are summarized in column OLS in Table 5.12. 
Apart from the standard reports on coefficients o f individual explanatory variables, model fit 
(explained variance), and assumptions regarding the distribution o f error terms (normality and 
homoscedasticity), attention is paid to the outcomes o f the unidirectional and robust Lagrange 
multiplier tests as spatial diagnostics. The knowledge economy components development and 
application impact significantly on labour productivity level with z-values o f 8.17 (0.40/0.05) 
and 3.89 (0.18/0/05) respectively. A significant relationship between the factor education and 
productivity cannot be demonstrated. As expected on the basis o f agglomeration theory, urban 
density exerts a positive influence on the level o f labour productivity, even when corrected for 
the impact o f development and application71. The model explains over 40 percent o f the 
variance in productivity. Both the Jarque-Bera and Breusch-Pagan test point to violation o f the 
assumptions concerning a normally distributed and homoskedastic residuals. As is shown 
Figure A5.1 in Annex 5, the distribution differs from a normal distribution only to a moderate 
extent. Visual inspection o f the model’s residuals (Figure A5.2) points to a considerable extent 
o f heteroscedasticity in the model’s residuals. Spatial diagnostics point to the potential o f a 
significant amount o f spatial error. The Lagrange multiplier for spatial error is considerably 
higher than the indicator hinting towards the possibility o f spatial lag. The robust multiplier for 
error is significant at the level o f  1 percent, whereas the robust multiplier for a spatial lag is not 
significant at the level o f 5 percent.
The findings are in line with theoretical arguments explored in Chapter 2. The impact of 
development and application finds its theoretical base in territorial innovation models and the 
conception o f the knowledge economy as a broader concept than one that is captured by 
technological development alone. The positive impact o f urban density finds its base in 
agglomeration theory and the spatial diagnostics suggesting the interference o f spatial error can 
be explained by contingencies that are not included in the model and not randomly distributed 
across space. Relevant contingencies concern national institutional arrangements, as argued by 
institutional economists and advocates o f the systems o f innovation school within economics 
(North, 1990; Lundvall, 1992; Edquist, 1997).
71 Earlier, in Section 5.3, the positive connection between development, application and urban density is 
reported.
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Table 5.12 OLS and ML (spatial lag) specificationi with labour productivity as dependent
2005, NUTS-2 regions“
O L S O L S  (SR iii) M L  (SR iii; LA G )
A B C A B C
Constant 0.27**
(0.04)
0.54*
(0 .22)
0.65**
(0.07)
0 .11*
(0.05)
-0.06
(0.19)
0.27**
(0.08)
-0.02
(0.05)
Development 0.40**
(0.05)
0.11
(0.19)
0.64**
(0.08)
0.40**
(0.06)
0.16
(0.16)
0.29**
(0.07)
0 .22**
(0.05)
Application 0.18**
(0.05)
0.25
(0 .20)
0.32**
(0.08)
-0.02
(0.05)
0.36*
(0.16)
0.23**
(0.07)
0.00
(0.05)
Education -0.09
(0.04)
-0.10
(0 .11)
-0.19*
(0.09)
-0.03
(0.05)
-0.09
(0 .10)
0.05
(0.08)
0.07
(0.04)
Urban density 0 .12**
(0.04)
0.24**
(0.07)
0.17
(0.09)
0.12
(0.06)
0.13*
(0.06)
0.11
(0.08)
0 .12*
(0.05)
e 0.58**
(0.08)
N 185 24 54 106 24 54 106
R2 (adj.) 43.6 59.4 69.8
ML -150.1 -114.3 -89.2
J-B 13.8** 113.3**
B-P 20.9** 8 .0** 10.9**
Chow-Wald 8 .0** 34.5**
LM  (X)/ 
RLM (X)
217.3**/
72.2**
34.8**/
0.4
1.3
LM  (e) /  
RLM (e )
145.8**/
0.8
63.1**/2
8 .6**
LR  (e) 50.2**
Source: Eurostat (N EW CRO N O S Regio Domain); E U  K LEM S (March 2008); Statistics Netherlands 
2005 (Regional Econom ic Accounts)
I Standard errors between brackets; *  significance at the 5 percent level; * *  at the 1 percent level
II NUTS2-level regions in EU-15 member states, excluding Greek regions, Ceuta, Mellila and Canary 
Islands (Spain), Aland (Finland), French Overseas Departments, Aosta Valley (Italy), Madeira and the 
Azores (Portugal) and Groningen (the Netherlands)
iu Spatial regimes are obtained though cluster analysis on the basis o f national scores on Hofstede’s (1980) 
cultural dimensions (see Annex 5.2). Regime A  comprises regions in Denmark, Finland, the Netherlands 
and Sweden, regime B comprises regions in Belgium, Spain, France and Portugal and regime C  comprises 
regions in Austria, Germany, Ireland, Italy, Luxembourg and the United Kingdom.
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Table 5.13 OLS and ML (spatial lag) specification1 o f TFP-growth 1995-2005, NUTS-2
region
O L S O L S  (SR) M L  (SR ; LA G )
A B C A B C
Constant -0.18**
(0.05)
-0.44
(0.29)
-0.23*
(0 .10)
0.00
(0.07)
-0.34
(0.26)
-0.12
(0.09)
0.05
(0.06)
Development 0.35**
(0.06)
0.50*
(0.25)
0.44**
(0 .10)
0.35**
(0.08)
0.38
(0.23)
0.28**
(0 .10)
0 .22**
(0.07)
Application 0 .21**
(0.06)
0.36
(0.26)
-0.36**
(0 .10)
0.58**
(0.07)
0.25
(0.23)
-0 .21*
(0 .10)
0 .41**
(0.07)
Education -0.02
(0.06)
-0.04
(0.15)
0.27*
(0 .12)
-0.13*
(0.06)
0.00
(0.14)
0.28**
(0 .11)
-0.07
(0.06)
Urban density -0.14*
(0.06)
-0.06
(0.09)
-0.01
(0 .12)
-0.32**
(0.08)
0.03
(0.09)
-0.09
(0 .11)
-0.27**
(0.07)
e 0.48**
(0 .10)
N 185 24 54 106 24 54 106
R2 (adj.) 24.3 43.2 50.7
ML -197.9 -164.1 -155.1
J-B 3.7 1.9
K-B (B-P) 9.8* 10.7** 13.4**
Chow-Wald 7.5** 42.1**
LM  (X)/ 
RLM (X)
67.7**/
4.1*
6.4*/
3.8
3.6
LM  (e) /  
RLM (e )
67.0**/
3.3
19.7**/1
7.1**
LR  (e) 18.0**
Source: Eurostat (N EW CRO N O S Regio Domain); E U  K LEM S (March 2008); Statistics Netherlands 
2005 (Regional Econom ic Accounts)
i Standard errors between brackets; *  significance at the 5 percent level; * *  at the 1 percent level
ii NUTS2-level regions in EU-15 member states, excluding Greek regions, Ceuta, Melilla and Canary 
Islands (Spain), Aland (Finland), French Overseas Departments, Aosta Valley (Italy), Madeira and the 
Azores (Portugal) and Groningen (the Netherlands)
iu Spatial regimes are obtained though cluster analysis on the basis o f national scores on Hofstede’s (1980) 
cultural dimensions (see Annex 5.2). Regime A  comprises regions in Denmark, Finland, the Netherlands 
and Sweden, regime B comprises regions in Belgium, Spain, France and Portugal and regime C comprises 
regions in Austria, Germany, Ireland, Italy, Luxembourg and the United Kingdom.
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Since implementing truly national contingencies (through the inclusion o f a dummy variable 
per country) gives power difficulties in the estimation, an alternative approach is followed by 
adhering to Hofstede’s (1984) seminal study on work-related cultural values, behaviours and 
institutions in which four dimensions o f national culture are distinguished. The four 
dimensions are individualism/collectivism, power distance, uncertainty avoidance and 
masculinity/femininity72. Although the aim o f this study is not to give a detailed account o f the 
relations between each o f these dimensions o f national culture, innovative capabilities and 
competitive strength, one can imagine that interrelationships do exist. Intuitively, power 
distance, for example, has a connection with governance issues (see Section 3.2), while 
individualism, uncertainty avoidance and masculinity have a strong relationship with the 
qualifications o f the Schumpeterian entrepreneur (Section 1.1). For the European countries in 
which the regions in our analyses are situated, a cluster analysis has been performed on the 
basis o f these dimensions o f national culture, which has produced three categories o f countries 
within the fifteen member states which were already part o f the European Union before 2004. 
The results o f the analysis and underlying data are given in Annex 5.2. Scandinavian countries 
and the Netherlands distinguish themselves from the rest o f European countries primarily on 
masculinity, in the sense that the social gender role division in these countries is relatively 
small, compared to the other groups o f countries. France, Belgium, Portugal and Spain 
distinguish themselves from other European countries in relatively high uncertainty avoidance 
in combination with a relatively large power distance. Finally, most regions are situated in a 
third group o f countries. This third group comprises countries like Germany, the United 
Kingdom and Italy. For this group o f countries, in general, most cultural dimensions score 
around average. It is this categorization that serves as the basis for the spatial regimes 
articulated in the second and third model variants reported in Table 5.12. The second model 
reported in Table 5.12 concerns OLS estimation with labour productivity as dependent, in 
which interactions o f the independents with spatial regimes (incorporated as dummy variables 
in the model) serve as independents. The rationale for including the spatial regimes based on 
Hofstede’s (1984) four dimensions o f national culture in the estimation, is that spatial 
heterogeneity is connected to spatial error due to the absence o f variables that stand in close 
relationship with national cultural values.
Inclusion o f spatial regimes based on Hofstede’s (1984) national culture dimensions has a 
positive impact on the model fit, the adjusted squared correlation coefficient improves from 40 
to approximately 60 percent proportion o f total variance. The Chow-Wald coefficient, 
designed to test the structural stability o f the coefficients over the regimes, is statistically 
significant at the level o f 1 percent with a value o f 8.0, indicating a structural impact o f national
72 In later publications (Hofstede and Bond 1988; Hofstede, 1991) a fifth dimension, long-term 
orientation, is added. This dimension is not taken up in the analyses presented here, partly because it is 
not available for every country the regions in the data set are situated in, but more importantly because 
this fifth dimensions is primarily added to the group of cultural dimensions to explain differences 
between South-East Asian values and other Western countries.
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culture differences on model estimates. Differences between spatial regimes especially reveal 
themselves in relation to the impact o f the component o f application on labour productivity. 
For the largest group o f cases, which contains regions in countries such as Germany, Italy and 
the United Kingdom, the component o f application does not exert a positive influence on 
competitive strength. More univocal is the impact o f the knowledge economy component 
development on competitive strength. In all three spatial regimes the coefficient indicating the 
impact o f development on competitive strength shows a positive value, statistically significant 
at the level o f 1 percent in all regimes but regime A (the Netherlands and Scandinavian 
countries), partly due to the small number o f cases within this category. Just as in the model 
without a classification into spatial regimes, the impact o f the education component o f the 
knowledge economy on competitive strength cannot be demonstrated. The impact is not 
statistically significant and even has a negative sign. Spatial diagnostics point to the possibility 
o f a spatial lag structure in the data, which theoretically connects to spillovers in the 
components o f the knowledge economy. These spillovers are especially relevant, given the 
earlier reported spatial clustering o f the knowledge economy components development and 
application. Apparently, the regimes account for the spatial error possibilities diagnosed in the 
O LS estimation o f the independents for the general population o f NUTS-2 regions as a whole. 
The Lagrange multiplier for spatial lag outweighs the multiplier for spatial error. Furthermore, 
the robust test statistics strongly indicate the possibility o f a lag structure in the data. The 
robust variant o f the Lagrange multiplier on a lag structure is, at 28.6, statistically significant at 
the level o f 1 percent. Although the Jarque-Bera test on normality is significant, visual 
inspection o f the residuals shows that the assumption o f normality is only moderately violated 
(Figure A5.7 in Annex 5). More importantly, the violation lies predominantly in a positive 
kurtosis while negative consequences are primarily associated with thick tales due to negative 
kurtosis (Fox, 1991). Underestimates o f variance due to positive kurtosis disappear with 
samples o f 100 or more cases (Tabachnick and Fidell, 2001, p. 74). Given the statistically 
significant outcome on the Lagrange multiplier on spatial lag, the possibility o f a lag structure 
needs to be addressed further.
Spatial lag models should preferably be estimated using maximum likelihood estimation 
(Anselin, 1988). Maximum likelihood estimation procedures require a multivariate normal 
distribution. Inspection o f the distribution o f residuals shows a moderately positive skewed 
distribution in combination with a positive kurtosis. For the same reasons as outlined before, 
positive kurtosis is not considered to be problematic. Considering the fact that positive 
skewness is primarily related to two positive outliers, the distribution under consideration is 
only moderately positively skewed. In combination with relatively conservative levels o f a  in 
the interpretation o f the regression coefficients reported in Table 5.12 maximum likelihood 
estimation is considered to produce accurate results73. As in the previously reported model 
variations, in the spatial lag model with labour productivity as dependent, development and
73 The model without the outliers identified (Luxembourg and Hamburg), gives results that produces the 
same conclusions as the model in which the outliers are integrated.
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application exercise a statistically significant impact on competitive strength. The impact o f the 
knowledge economy component o f application is somewhat less convincing than 
development. In the third spatial regime which comprises regions in countries such as 
Germany, Italy and the United Kingdom, the impact o f application is close to zero. From the 
model estimates the component o f education does not explain differences in productivity 
levels across European regions. The p statistic includes a value o f 0.58, which is statistically 
significant at the level o f 1 percent, indicating the strong impact o f productivity levels in 
neighbouring regions on regional competitive strength, which can be interpreted as an 
indication o f spatial knowledge spillovers, while knowledge economy components serve as 
explanatory variables in the model. The spatial lag model implies a clear improvement o f the 
model fit, considering the value o f the Maximum likelihood which is some 20 percent lower 
than the OLS variant with segmentation in spatial regimes. The adjusted squared correlation 
coefficient jumps from approximately 60 percent for the model that does not integrate the 
possibility o f a spatial lag structure into consideration, to approximately 70 percent in the 
spatial lag model. The test on spatial lag proves significant. N o signs o f additional spatial error 
are indicated, considering the low (and statistically non-significant) value o f the Lagrange 
multiplier for spatial error.
In Table 5.13, column OLS gives a summary for the model with labour productivity growth as 
dependent. The results o f the model with productivity growth as dependent show a striking 
similarity with the results o f the model with the level o f labour productivity as dependent. In 
the OLS model estimation the impact o f the knowledge economy components development 
and application is statistically significant and strong with positive z-values o f 5.44 (0.35/0.06) 
and 3.56 (0.21/0.06) for the impact o f development and application respectively. Also, as was 
the case in the model estimates with productivity level as dependent, the impact o f education 
on productivity growth cannot be demonstrated. Furthermore, unlike the earlier reported 
results o f the model with the level o f labour productivity as dependent, the impact o f urban 
density on labour productivity growth is negative, statistically significant at the level o f 5 
percent, possibly reflecting the economic emancipation o f less densely urbanized areas because 
o f agglomeration disadvantages. The OLS model accounts for some quarter o f the variance in 
productivity growth. As is the case for the model with the productivity level as dependent, the 
spatial diagnostics given in Table 5.13 indicate the possibility o f a spatial error structure in the 
data. In the model for labour productivity growth the differences between the Lagrange 
multipliers for spatial error and spatial lag are less accentuated. However, also in this case the 
robust variant o f the Lagrange multiplier for spatial error, at a value o f 4.1, is significant at the 
level o f 5 percent, whereas the robust variant hinting towards a spatial lag structure is not 
significant at this level. Since this structure, from a theoretical point o f view, is suspected to be 
connected to institutional and cultural contingencies, a model alongside discrete spatial regimes 
based on Hofstede (1984) is adopted following a similar strategy as the model on the level o f 
labour productivity, reported in Table 5.12.
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The Chow-Wald coefficient, designed to test the structural stability o f the coefficients over the 
regimes, is statistically significant at the level o f 1 percent with a value o f 8.0. Analogous to the 
model with productivity level as dependent, this is an indication o f a structural impact of 
national culture differences on competitive strength. Given the decline o f the maximum 
likelihood in comparison with the OLS estimation for the whole population o f regions in 
general, spatial regimes account for a better model fit. Including spatial heterogeneity through 
Hofstede’s national scores on cultural dimensions implies a jump in the proportion o f 
explained variance from 24 to 43 percent. The spatial diagnostics point to a lag structure. 
Again, this is a similar outcome compared with the analyses presented earlier on the model 
with the level o f productivity as dependent. Like the impact o f development on the level of 
labour productivity, the model estimates unambiguously point to a positive impact o f the 
knowledge economy component development on productivity growth. In all spatial regimes, 
the impact is positive, with z-values ranging from 2.0 (0.50/0.25) for regime A which 
comprises regions in Scandinavian countries and the Netherlands to 4.3 for both other regimes 
(0.44/0.10 in regime B and 0 .35/0/08 in regime C). A positive impact o f the knowledge 
economy component o f education on regional productivity growth cannot be shown on the 
basis o f the model estimates. Again, this result is comparable to the impact o f education on the 
productivity level, reported in Table 5.12. Where productivity growth is concerned, regions 
within country group B, which comprises regions in countries in the Iberian Peninsula and 
France and Belgium, experience a negative impact o f the component o f application on 
productivity growth. This impact, with a z-value o f -3.5 (-0.36/0.10), is statistically significant 
at the level o f 1 percent. For regions situated in other countries, this impact is positive. Just for 
this group o f cases in regime B, the impact o f application on the level o f labour productivity 
(reported earlier in Table 5.12) is positive and statistically significant at the 1 percent level. A 
satisfying explanation for these differences cannot be given. The assumption o f normality o f 
residuals is confirmed by the non-significant outcome o f the Jarque-Bera test on deviation 
from a normal distribution. Although the Breusch-Pagan test is statistically significant pointing 
to heteroskedasticity o f residual scores, from visual inspection o f the scatterplot with predicted 
values o f labour productivity growth against residuals (Figure A5.14 in Annex 5) it can be 
concluded that no major deviations from homoskedastic patterns exist in the data. Inclusion of 
spatial regimes makes the pointers towards a possibility o f a spatial error structure in the data 
disappear. On the basis o f the spatial diagnostics included in Table 5.13, the possibility o f a 
spatial lag structure needs further attention. The robust variant o f the Lagrange multiplier on 
the possibility o f a spatial lag structure in the data is at a value o f 17.1 statistically significant at 
the level o f 1 percent. Hence, like the analytical steps taken in the context o f the model with 
productivity level as dependent, the possibility o f a spatial lag structure needs further attention.
The spatial lag model produces accurate results in the sense that the residual distribution does 
not deviate significantly from normality. The Jarque-Bera test does not produce a significant 
results. Although a homoskedastic pattern o f residual scores is rejected by the statistically 
significant outcome o f the Breusch-Pagan test, on the basis o f visual inspection o f residual 
scores against the predicted values on labour productivity growth, it can be concluded that
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deviations are limited in extent. Despite the significant outcome o f the Breusch-Pagan test, 
visual inspection leads to the conclusion that the spatial lag model provides accurate results. 
Including a spatial lag structure in the model improves the model fit. Maximum likelihood 
jumps from -164 to -155. The proportion o f explained variance amounts 51 percent, against 43 
percent in the model that does not take a spatial lag structure into account. In all spatial 
regimes, development exerts a positive impact on labour productivity. For regime A, B, and C, 
z-scores amount to 1.7 (0.38/0.23), 2.8 (0.28/0.10) and 2.9 (0.22/0/07) respectively. Only for 
regions in regime A the impact o f development on productivity growth is not significant at the 
level o f 1 percent, due to the small number o f regions within this regime. In the majority o f 
cases, the component o f application also exerts a positive impact on productivity growth. 
Surprisingly, for regions in regime B, the impact is negative. With a z-value o f -2.2 (-0.21/0.10) 
this finding is statistically significant at the level o f 5 percent. In the spatial lag model variant, 
the knowledge economy component o f education also impacts positively on labour 
productivity growth, although this impact can be demonstrated exclusively for regions in 
Belgium, France, Spain and Portugal (regime B). Here, with a z-value o f 2.6 (0.28/0.11), the 
positive impact o f education on productivity growth is statistically significant at a level o f 1 
percent. The highly significant g at a z-value o f 4.9 (0.48/0.10) is a strong indicator o f a spatial 
lag in the sense that labour productivity growth o f neighbouring regions impact positively on 
regional productivity growth. Combined with the positive impact o f knowledge economy 
components on productivity growth, this finding can be interpreted as a strong indication o f 
spatially confined knowledge spillovers in the development o f productive efficiency in terms o f 
labour productivity gains.
To conclude, the analyses reported in this section clearly point to the value o f knowledge 
economy components in explaining regional differences in competitive strength. Knowledge 
region types differentiate clearly in both sustained competitive advantage, although it must be 
kept in mind that the national environment is also o f importance. In comparison with De 
Bruijn and Lagendijk (2005), in this study knowledge region types appear more pronouncedly 
as structuring contexts for sustained regional competitive advantage in relation to the national 
environment. As outlined before, this difference might be related to differences in the time 
frame under consideration. On both level and growth o f labour productivity, the knowledge 
economy component o f development has a statistically significant and positive impact. 
Intuitively, this is in line with a number o f studies that focus on the relation between research 
and development and regional economic growth (Fagerberg et al., 1997; Crescenzi, 2005; 
Rodríguez-Pose and Crescenzi, 2008). The impact o f application is also positive on both 
productivity level and growth, but differentiates strongly between the spatial regimes 
distinguished in the analyses. A  generic impact o f the component o f education cannot be 
demonstrated at the regional level. The finding that linkages between knowledge economy 
components and sustained competitive advantage differ across groups o f regions is consistent 
with Sterlacchini (2008), although concrete outcomes differ substantially from Sterlacchini’s 
(2008) analyses. Furthermore, given the spatial lag structure in the data, the analyses provide 
strong indications for regional knowledge spillovers. Both labour productivity level and
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development and the knowledge economy components o f development and application show 
a spatially clustered pattern across European regions. The model estimates convincingly point 
to a spatial lag structure in the data, in the sense that sustained competitive advantage o f 
neighbouring regions impacts positively on sustained regional competitive advantage in terms 
o f productivity level and growth. This finding in line with Ezcurra’s et al. (2008, p. 1168) 
conclusion that the degree o f efficiency in neighbouring regions explains an important portion 
o f efficiency differences across European regions. The findings on spatial spillovers are in line 
with conclusions drawn in the context o f a knowledge production function framework which 
describes the transformation o f R&D inputs in patent activity outputs (Botazzi and Peri, 2003; 
Greunz, 2003, 2005; Moreno et al., 2005). One must however keep in mind that actual 
knowledge spillovers are not directly identified in the knowledge production function 
framework. Conclusions on the character o f spillovers cannot be drawn on the basis o f the 
analyses reported in this section. For instance, LeSage et al. (2007) evaluate that knowledge 
spillovers are predominantly o f relevance within the national context, since national borders 
have a negative impact on knowledge flows. The authors conclude that, although geographical 
proximity matters, the effects are much smaller than national border effects (LeSage et al., 
2007, p. 410). According to Tappeiner et al. (2008), spatial spillovers relate to large extent to 
spatially autocorrelated dimensions o f social capital, derived from the European Values Survey.
It is important to note that, given the cross-sectional design o f the analyses, the ability to draw 
definite conclusions on causality is limited. This limitation especially applies to the model with 
productivity growth as dependent, since the model with productivity level as dependent 
incorporates a time-lag between the independent knowledge economy components as 
investments in the knowledge economy, which relate to the period ranging from 1995 to 2005, 
and the outcome o f these investments in terms o f productive efficiency in terms o f labour 
productivity in 2005.
5.5 K n o w led ge  g a p s  in E u ro p e ; co n vergen ce or d ivergen ce?
From the analyses given in the previous paragraph it can be concluded that roughly the same 
factors impact both the level and growth o f labour productivity. In the light o f the expected 
signs o f divergence, following theories o f agglomeration in an interpretation o f cumulative 
causation (Myrdal, 1957), this result can be seen as a first pointer to divergence in competitive 
strength driven by knowledge economy components. As already addressed in Section 2.2, the 
difficulties o f regions to catch up with state-of-the art-practices are connected to low levels o f 
R&D, termed by Vence et al. (2000) as the low R&D-trap. In this view, weaker regions do not 
have the position to emulate success stories, since the large number o f R&D-activities in 
centres is linked to a relatively high propensity to innovate or adopt innovations. In the words 
o f Pavitt (1998):
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The inability o f the laggard regions to catch up in part reflects their inability to 
master better practice products and processes, because o f inadequate R&D and 
related education. (Pavitt, 1998, p. 562)
As reported in the previous section, roughly the same set o f factors stand at the basis o f both 
the level and growth o f labour productivity as measures o f competitive strength. Through 
cluster analysis, lagging regions in the knowledge economy are clearly distinguished from other 
knowledge region types both in terms o f knowledge input and economic output. Given these 
outcomes o f the earlier reported analyses, questions on convergence or divergence in 
competitive strength and knowledge economy indicators deserve further attention. Since 
convergence connects strongly to enlargement issues (Gardiner et al., 2004), a distinction is 
made between regions situated in member states that already were part o f the EU  before 2004 
and new member states accessed in 2004 and 2007. In Table 5.14 a distinction is made 
between a- and ^-convergence (Sala-i-Martin, 1996). The concept o f B-convergence results 
from a neo-classical growth framework and is based on the regression coefficient in which the 
growth o f a certain economic quantity (here, labour productivity and expenditures in R&D) 
during a certain period is modelled against the level o f that quantity at the start situation74. A 
negative coefficient is an indication o f convergence since it indicates a negative association 
between initial scores and subsequent growth rates. When regions also outrun the former 
leading regions convergence is not a necessary outcome. In order to control the analyses for 
this situation o f leapfrogging the concept o f O-convergence is applied. It is based on the 
standard deviation, across regions, o f a given quantity. When the standard deviation declines 
over time O-convergence applies. The concept’s focus is on dispersion in wealth between 
regions or nations across time. However, since our hypothesis is concerned with lagging 
regions, the main focus is on B-convergence. Nevertheless, O-convergence is reported as the 
standard deviation o f labour productivity across NUTS-2 regions at the end o f the time frame 
under consideration, measured as index o f the standard deviation at the start situation, which is 
set at 100.
For eight out o f twelve new member states productivity figures are missing75. Because figures 
on labour productivity and R&D are missing for the years between 1995 and 1999, the figures 
in Table 5.14 focus solely on the period from 2000 to 2005. Figures on expenditures on R&D, 
measured as a share in gross regional product, are transformed using a logarithmic function, to
74 The linear regression model reads:
Yr,t(0)-t(1) =  a +  fiYrj(0) +  £r,t(0)-t(1)
with Yr,t(o)-t(i) as average yearly growth rate in region r from  t(0) to t(1) o f labour productivity and R&D 
intensity respectively, Yr,t(o) as the initial level o f  labour productivity and R& D  intensity respectively in 
region r in t(0), and £r,t(o)-t(i) representing specific shocks in region r from t(0) to t(1).
75 Bulgaria, Cyprus, Estonia, Lithuania, Latvia, Malta, Romania and Slovenia are not included in the EU- 
K LEM S database, upon which the hours worked measures are based (see also Section 5.2).
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approach a standard normal distribution o f scores since the distribution o f original scores 
suffers from positive skewness.
Table 5.14 Convergence in the European Union in labour productivityi and R&D 
expenditures“, by country group“ , NUTS-2 regionsiv, 2000 to 2005
Region L ab our productivity R & D  expenditures
P a P a
EU-27 -0 .20** 100
EU-15 +  AC-4 -0.53** 102 -0.18** 100
EU-15 -0.10 108 -0.25** 99
AC-12 -0.06 106
AC-4 0.21 131 0.08 108
Source: Eurostat (N EW CRO N O S Regio Domain); E U  K LEM S (March 2008); Statistics Netherlands 
(Regional Economic Accounts)
i Labour productivity is expressed as the gross value added per working hour (in EC U  purchasing power 
parities and exchange rates 2000).
u R& D  expenditures are expressed as gross investments in R& D  as a share in gross regional product. To 
correct for positive skewness expenditures in R& D  are transformed using the base 10 logarithm function. 
m EU-15, EU-27 and AC-12 involve the countries that constituted the European Union before May 2003 
(EU-15), present European Union member states (EU-27) and countries which gained access to the 
European Union since May 2003 (AC-12). For the latter group, data on labour productivity are solely 
available for Czech Republic, Hungary, Poland and Slovakia (AC-4)
iv NUTS2-level regions in EU15, Czech Republic, Hungary and Slovakia, excluding Ceuta and Melilla 
(Spain), Aland (Finland), French Overseas Departments, Ionian Island and the North Aegean region 
(Greece), Aosta Valley (Italy), Madeira and the Azores (Portugal)
As the results in Table 5.14 show, in terms o f labour productivity development during the 
period ranging from 2000 to 2005, B-convergence applies to the EU-15/AC-4 countries. The 
negative coefficient o f -0.53 is statistically significant at a level o f 1 percent. At the same time 
however, .a-convergence cannot be demonstrated. The value o f a at 102 indicates a slight 
increase in the standard deviation o f regional productivity scores across regions in EU-15/AC-
4 countries over the period from 2000 to 2005. For the EU-15, the B-coefficient on labour 
productivity, with a value o f -0.10, is not statistically significant. In 2005, the standard deviation 
o f regional productivity across EU-15 regions is some 8 percent higher than the standard 
deviation at the start o f the period under consideration. Within the new member states, 
convergence cannot be identified on the basis o f the data at disposal. Here, the B-coefficient 
takes up a positive sign and the a-index o f 131 indicates a major increase in the spread o f
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regional scores on labour productivity in AC-4 countries. Probably this finding connects with 
investment opportunities within transition countries. At the level o f EU-27 member states, 
convergence is an almost automatic outcome o f the enlargement o f the European Union. New 
member states experience positive effects from integration. However, the effects are not 
evenly spread across the new member states and across regions in the new member states. 
Investment opportunities are predominantly found in agglomerations like Prague and 
Budapest. The core regions o f these countries, within the context o f a unified Europe, are 
roughly the same as the core regions within the former context o f CO M ECO N  (De Bruijn and 
Muskens, 2006, p. 48). On the basis o f the period 1995 to 2005, for which data o f regions 
within EU-15 countries are available, ^ -convergence applies to regions within the EU-15. Here, 
the ^ -coefficient has a value o f -0.25 for labour productivity, statistically significant at a level o f
1 percent. At the same time however, the standard deviation o f regional labour productivity 
scores within EU-15 member states increases from 5.4 in 1995 to 6.2 in 2005. The 
combination o f a negative yi-coefficient with an increase o f the standard deviation indicates a 
leapfrogging pattern in the development o f regional labour productivity within EU-15 member 
states. A similar finding on productivity convergence has been reported by Cuadrado-Roura et 
al. (2000).
The analysis does not indicate the existence o f structural gaps in R&D. At EU-27 level, the JH- 
coefficient takes up a negative value o f -0.20, statistically significant at the level o f 1 percent. 
The standard deviation o f regional R&D intensity within the EU-27 in 2005 has not changed 
in relation to the situation in 2000. Similar conclusions apply to R&D expenditure in regions 
within the EU-15/AC-4 and within the EU-15 member states. For regions within EU-15 
member states, time series on R&D expenditures are available from 1995 to 2005. For this 
period, the y’-coefficient amounts to -0.45, which is statistically significant at the level o f 1 
percent. At the same time the standard deviation slightly decreases with 3 percent. Hence, in 
terms o f regional R&D expenditures, convergence applies to EU-15 regions. On the contrary, 
in accessing countries the standard deviation o f regional R&D intensity increases over the 
period from 2000 to 2005, although the yi-coefficient takes up a slightly negative value o f -0.06, 
which is not statistically significant at the level o f 5 percent. On the basis o f these figures it 
can be concluded that there is no general widening o f R&D gaps, a result that contrasts with 
the predictions o f Pavitt (1998) and Vence et al. (2000). The results are consistent with 
Clarysse and Muldur (2001) who acknowledge that in general, both technology and economics 
gaps among European regions have narrowed during the period 1989 to 199576.
76 On the basis o f their empirical analyses, Clarysse and Muldur (2001) conclude that regions lagging 
behind in economic terms do not seem to have absorptive capacity to benefit from  policy schemes at 
competitiveness such as the Framework Program. The gap between leading regions and regions lagging 
behind is gradually increasing both at the economic side and at the technological side (Clarysse and 
Muldur, 2001, p. 292). However, it must be noted that this conclusion seems to be at odds with the 
underlying empirical patterns (Clarysse and Muldur, 2001, p. 281). While regions lagging behind
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Figure 5.12 Expenditures in R&D (as share in total gross regional product) by knowledge 
region type, 1995 to 2005 (1995 =  100)
Given the results o f the cluster analysis reported in the preceding paragraphs, it might however 
be the case that certain regions loose the connection with the majority o f regions. This 
possibility adheres to the idea on convergence clubs, in the sense that a population o f regions 
gradually becomes stratified in distinct classes or clusters (Quah, 1996). Given the relation 
between the cluster typology and both level and growth o f labour productivity, explored in the 
previous section, knowledge-extensive regions are expected to lag behind. In Figure 5.12 the 
share o f expenditures in R&D in gross regional product, for the year 1995 is set at 100. In 
relation to the base year 1995, knowledge extensive peripheries saw a relative increase o f some 
40 percent in R&D-expenditure in relation to gross regional product. Both hot spots and 
surface level regions stay behind this growth figure. Whereas knowledge extensive peripheries 
stay behind hot spots and surface level regions in terms o f productivity growth (Table 5.8), 
knowledge extensive peripheries surprisingly do not lag behind in terms o f R&D-intensity. 
Hence, also for the specific type o f lagging regions in the knowledge economy, thus labelled 
since regions within this type o f region face low levels o f investments in the knowledge 
economy, there is a perspective for the future, given the increase o f expenditures in R&D. 
There is indeed an R&D-gap, but, during the period from 1995 to 2005 in regions situated in
experience a stable rate of patent activity during the period ranging from 1989 to 1995, industrial leaders 
in the same period experienced a decrease in patent activity.
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EU-15 member states, it is not widening. The gap has become less accentuated in the past ten 
years, especially during the economic boom  o f the late nineties. On drawing this conclusion, 
however, it is important to remark that the process o f catching up exclusively takes place in 
1997 and 1999. Hence, the structural character o f catch-up can be called into question.
5.6 Su m m ary  o f  fin d in gs
In Section 5.1 five hypotheses are summarized as the central guideline for the analysis reported 
in this chapter. Before drawing conclusions on the outcomes o f the empirical analyses in the 
light o f these hypotheses, a number o f remarks have to be made.
- Firstly, given the cross-sectional nature o f the analytical design, the ability to draw definite 
conclusions on causality between spillovers and sustained regional competitive advantage is 
limited. This especially holds for the analytical model with productivity growth as 
dependent, since the model with productivity level as dependent incorporates a time lag 
between inputs and output in the knowledge production function framework.. To evaluate 
a causal relation between knowledge spillovers and sustained competitive advantage, a first 
prerequisite is to assess knowledge spillovers directly on the basis o f empirical reality. In 
the aggregate analyses reported in this chapter, knowledge spillovers are assumed to exist, 
based on a spatial connection between knowledge economy components and sustained 
regional competitive advantage.
- Secondly, it is important to note that the analyses are based on secondary data and that the 
secondary data availability has important limitations. These limitations concern, firstly, the 
fact that administrative regions at NUTS-2 level serve as basic units o f analysis, whereas a 
delineation in terms o f functional economic areas would have been more appropriate77. As 
Doloreux and Parto (2005) rightfully acknowledge, an important drawback o f the use o f 
aggregated data at the level o f NUTS-2 concerns the fact that regions defined at the level o f 
NUTS-2 do not necessarily correspond to sufficiently homogeneous and self-contained 
regions in a broad sense, to be put on a par with the concept o f regional innovation 
systems. Apart from the level o f aggregation, the limitations concern, secondly, construct 
validity. Although the factorial design on the basis o f a broad array o f knowledge economy 
variables leads to clearly interpretable components that concern a variety o f learning 
contexts in the knowledge economy (development, application and education) it is 
questionable to what extent learning by doing is acknowledged in the analyses. Particularly, 
the Third Italy regions o f Emilia-Romagna and Tuscany, designated in case study research 
as economic best practices on the basis o f learning advantages in master-apprentice 
relationships, underperform on the knowledge economy components o f development and 
application.
77 In the Netherlands, for instance, the NUTS-3 classification is based on criteria on functional economic 
interdependence in terms o f regional economic nodality functions.
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- Thirdly, although the models reported in this chapter give insight in important aspects o f a 
homogenizing interpretation o f territorial innovation models, at the same time important 
theoretical arguments are not accounted for. The analyses performed in this chapter do not 
account for the theoretical notion that, due to differences in regional absorptive capacity, 
spatial spillovers can vary across regions (Capello, 2009). Moreover, the analyses reported 
in this chapter do not distinguish between geometric proximity, network proximity 
(Maggioni et al., 2007; Cassi et al., 2008; Hoekman et al, 2009) and institutional proximity 
through the integration o f national borders in the research frame (Botazzi and Peri, 2003; 
Greunz, 2003; Moreno et al., 2005). Considering the finding that innovation increasingly 
takes place within global innovation networks connecting innovation hubs offering an 
internationally competitive business climate for state-of-the-art knowledge intensive 
activities, the idea to construct spatial contiguity matrices which consist o f regions with 
comparable attributes (Case et al., 1993), can offer additional potential. As Folmer and Oud 
(2008) argue, the standard approach o f spatial autoregressive models does not offer the 
flexibility needed to incorporate a variety o f spatial weight matrices78. A final point relating 
to theoretical arguments not included in the analyses reported in this chapter concerns the 
nature o f spillovers. Insights on the character o f spillovers in terms o f entrepreneurship 
(Sternberg, 2007), social capital (Hauser et al., 2007), cooperative agreements (Hoekman et 
al., 2009) and labour market mobility (Capello, 1999) are not empirically assessed in the 
analyses reported in this chapter. In the knowledge production function framework as it is 
applied on regionally aggregated data, transmission mechanisms that cause knowledge to 
diffuse and to decay with distance are reduced to a black box.
Given the above caveats, the following conclusions can be summarized in light o f the 
hypotheses assessed in this chapter.
1 The knowledge economy manifests itself spatially through regional specialization in knowledge intensive 
activities
As set out in Section 5.1, basic point o f departure in territorial innovation model is the 
claim o f an uneven spatial distribution o f innovative activities. Different aspects o f 
knowledge accumulation and application do not necessarily follow similar spatial 
distributive patterns The analyses reported in Section 5.3 show a marked specialization in
78 An appealing alternative, proposed by Folmer and Oud (2008), is to assess spatial dependence in a 
structural equation model (SEM) setting in which spatial dependence is modeled by latent variables 
within a framework that allows for simultaneous estimation of structural relationships between theoretical 
constructs and latent variables measurement models. In relation to the analyses reported in this chapter, 
the use of structural equation model techniques also bears the advantage that the possibility of spatial 
autocorrelation is also taken up in the measurement model. The exploratory factor analysis reported in 
Section 5.3 does not take spatial autocorrelation o f knowledge economy components in account. See Van 
Oort et al. (2009) for an application o f spatial structural equation model techniques within the field o f 
regional innovation.
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knowledge intensive activities, a finding which is in line with earlier research (De Bruijn 
and Lagendijk, 2005; Pinto, 2009). Both knowledge economy components o f 
development and application show a spatially concentrated pattern, with Moran I values 
o f 0.62 and 0.58 respectively. Also, on the basis o f the cluster analysis, a characterization 
is produced that clearly connects to theoretical contributions focused on hot spots 
(Pouder and St. John, 1996) and lagging or less-favoured regions (Morgan and 
Nauwelaers, 2003; Shapira, 2005; Tsipouri, 2005), as deviating cases from the majority o f 
regions (designated here as surface level regions in the knowledge economy). The 
theoretical distinction between hot spots, less-favoured regions and other regions turns 
out to be empirically robust, in the sense that hot spot regions achieve higher 
productivity levels and growth figures than surface level regions, and knowledge 
extensive peripheries are characterized by relatively low productivity levels and growth 
figures in comparison with surface level regions. While the debate on specialization 
versus diversification predominantly focuses on the array o f sectoral activities within the 
regional production structure (Frenken et al., 2007) on the basis o f the analyses presented 
here, some reflection is given on the dichotomy between specialization and diversification 
in terms o f the different knowledge economy components revealed though factor 
analysis. This reflection does not, however, relate to the discussion in terms o f sectoral 
production structure. Conclusions which distinguish between sectors cannot be drawn on 
the basis o f the available data. On the basis o f the cluster analysis reported in this chapter, 
it appears that hot spots in the knowledge economy distinguish themselves on all three 
knowledge economy components, a finding that can be interpreted as a pointer in favour 
of diversification into different aspects o f the knowledge economy. At the same time, 
however, it is important to keep in mind that a number o f regions distinguish themselves 
on just one aspect o f the knowledge economy and that, in general, knowledge economy 
components are only moderately connected to each other. For instance, the province of 
Brabant (the Netherlands) only peaks in the component o f development. London is 
almost exclusively focused on application and the regions on the Western side o f Greece 
are specialized in education, and score below average on the other two knowledge 
economy components. In general, these examples are exceptions o f the general finding 
that knowledge economy hot spots score above-average on more than just one 
knowledge economy component.
2. Specialization in knowledge intensive activities is positively associated with urban density
Spatial configurations in the knowledge economy and agglomeration economies are 
essentially seen as two sides o f the same coin. Urban density is hypothesized to have a 
positive connection to innovation. On the basis o f the analyses presented in Section 5.3, 
it appears that knowledge economy components are not randomly distributed over space. 
A positive connection between development and application on the one hand, and urban 
density on the other hand, has been empirically demonstrated. These findings are in line 
with the research outcomes summarized in Feldman (1999) and Döring and 
Schnellenbach (2006) where development is concerned, and Glaeser and Saiz (2004) for
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educational attainment o f human capital in the context o f  the knowledge economy 
component o f application. A statistically significant connection between urban density 
and education cannot be demonstrated on the basis o f the data at our disposal.
3 Specialization in knowledge intensive activities is positively associated to regional competitive advantage
Knowledge intensive hot spots relate positively to regional competitive advantage. In this 
chapter, a clear connection has been demonstrated between the first two components o f 
the knowledge economy, development and application and competitive advantage, in 
terms o f productivity level and productivity growth. The same applies to the empirically 
derived categorization o f European regions in the knowledge economy, developed on the 
basis o f cluster analysis. Knowledge economy hot spots are clearly distinguished from the 
less knowledge intensive region types on labour productivity and on productivity growth. 
Apart from the structuring role o f knowledge region types, sustained regional competitive 
advantage is also determined to a large extent by the national environment. On both level 
and growth o f labour productivity, the knowledge economy component o f development 
has a statistically significant and positive impact. The impact o f application is also positive 
on both productivity level and growth but differentiates strongly between the spatial 
regimes distinguished in the analyses. The least pronounced component o f the knowledge 
economy concerns education. The connection between education and regional 
competitive strength is by and large neutral, whereas the other components development 
and application show a clear positive connection with both level and growth o f labour 
productivity. Intuitively, this is in line with a number o f studies that focus on the relation 
between research and development, educational attainment on the one hand and regional 
economic growth and regional welfare levels on the other (Crescenzi, 2005; Gossling and 
Rutten, 2007; Rodríguez-Pose and Crescenzi, 2008). It is important to remember that the 
finding that development and application impact positively on sustained regional 
competitive advantage, does not necessarily imply a truly spatial dimension in competitive 
strength, since regional specialization in knowledge intensive activities does not 
necessarily relate to synergies external to the firm. As shown in Box 2.1 in Section 2.3, 
agglomeration effects can also relate to increasing returns internal o f firms located 
somewhere in space and do not necessarily relate to external economies o f scale and 
scope.
4. Knowledge externalities, in terms of regional spillovers, impact positively on regional competitive 
advantage.
Regions are hypothesized to benefit not only from knowledge resources within their 
boundaries, but also from resources developed in regions nearby. The results o f the 
spatial explorative descriptive analyses, reported in Section 5.3, show that development 
and application follow a clustered pattern in space, which can be interpreted as a first sign 
o f knowledge spillovers. Moreover, spatial econometric model estimations imply a spatial 
lag structure in the empirical material, which can be seen as an indication o f spillovers 
relevant to both regional differences in productivity levels and growth figures, a result
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that is in line with earlier findings by Botazzi and Peri (2003), Moreno et al. (2005) and 
Greunz (2003; 2005) in the context o f a knowledge production function that describes 
the transformation o f R&D efforts in patent applications at the European Patent Office. 
In comparison with the above mentioned research endeavours, the analyses reported in 
Section 5.4 take a broader perspective in the sense that the transformation o f a broader 
set o f knowledge economy components (development, application and education) into 
productive efficiency in terms o f both labour productivity level and growth, is central in 
the analyses. In this context, the existence o f spillovers confirms the analyses undertaken 
by Ezcurra et al. (2008), who conclude that the degree o f efficiency in neighbouring 
regions explains an important portion o f efficiency differences across European regions. 
However, it is important to remark that in the knowledge production function 
framework, knowledge spillovers themselves cannot be identified on the basis o f the 
availability o f aggregate data. Therefore, in the aggregate analyses performed, the exact 
character o f spillovers largely remains untouched.
5. Less-favoured regions characterized by low levels in R&D-expenditure do not catch up with regions 
characterized by higher levels of R&D-intensity 
Although many policy initiatives aimed at the catch-up o f lagging regions are based on 
innovation strategies (Frenkel, 2000; Shapira, 2005), in the light o f territorial cohesion, 
territorial innovation models are not univocally optimistic. According to contributions 
that build on the idea o f an R&D trap (Pavitt, 1998; Vence et al., 2000), core-periphery 
patterns in the knowledge economy are, in theory, further accentuated, given the fact that 
the large number o f R&D activities in centres is linked to a higher propensity to innovate 
or to adopt innovations. On the basis o f the data at our disposal, a structural R&D gap 
cannot be demonstrated. For both the EU-15 and EU-27, the sign o f the ^-coefficient 
indicates a negative connection between the level and growth o f R&D intensity. Hence, 
regions with relative low R&D levels experience relatively high growth rates in R&D 
intensity. Additionally, the standard deviation does not increase significantly between 
2000 and 2005. For the specific category o f knowledge extensive peripheries a structural 
R&D-gap has not been demonstrated empirically. On the contrary, knowledge extensive 
regions have witnessed a strong improvement o f the share o f R&D-expenditures in total 
gross regional product relative to the more knowledge intensive counterparts o f both 
surface level regions and knowledge economy hot spots.
To conclude, in this chapter, on the basis o f aggregated data o f European regions at the 
NUTS-2 level, empirical insight is given on hypotheses derived from a homogenizing 
interpretation o f territorial innovation models, earlier elaborated in Chapter 2. Earlier this 
section, some important caveats have been put forward which need consideration in the 
interpretation o f the above conclusions. Perhaps the most elementary caveat in this respect 
concerns the fact that on the basis o f the regionally aggregate data, mechanisms o f interaction 
are only assessed indirectly and are basically reduced to a black box. As already reasoned in 
Section 4.3, for a deeper insight in spillovers and interaction mechanisms, a system perspective
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on innovation is a necessary condition. Moreover, as also argued in Section 2.3, analyses on 
aggregate levels do not acknowledge the considerations and decisions made at the level o f 
individual firms. Therefore, Chapter 6 takes such a system perspective on innovation at the 
micro-level o f the individual innovating firm by addressing some hypotheses derived from the 
theoretical notions elaborated in Chapter 3 on the spatial industrial organization o f innovation.
183

6 Spatial scope of innovative networks
6.1 In trod u ction
This chapter contains an empirical exploration o f the spatial industrial organization o f 
innovation. On the basis o f the guidelines o f the theory o f spatial industrial organization, 
elaborated in Chapter 3, a number o f hypotheses are empirically evaluated at the micro-level o f 
the individual innovating firm. As already suggested earlier, micro-level analyses are crucially 
important to gain insight in processes o f innovation. However, empirical material on regional 
dimensions o f innovation addressing the micro-level o f the individual innovating company is 
scarce (Lundvall and Borras, 2005). As already addressed in Section 4.3, within the field o f 
innovation studies, micro-level data have become better accessible in recent years and micro­
econometric explorations o f survey data are increasingly used79. Through analyses based on 
micro-level data drawn from the second Community Innovation Survey on the Netherlands, 
the following hypotheses, already summarized in Box 4.7, are empirically assessed. The 
hypotheses, summarized below, follow from the theoretical framework o f the spatial industrial 
organization o f innovation, explored in Chapter 3.
1. Transaction costs in innovative network linkages are positively connected to the distance between the 
partners involved
The Californian school o f external economies relates transaction costs positively to 
distance (Scott and Storper, 1987). Because o f costs associated with face-to-face contact, 
differing time zones, cultural differences, institutional norms and social rules o f 
behaviour, difficulties are more likely to arise in extra-regional (cross-border) partnerships 
than in partnerships between actors located in the same region. Recent contributions take 
an explicitly dynamic perspective. In collective learning processes, transaction costs 
involve communication costs related to cognitive distance between firms with differing 
interpretative mindsets or expectations (Maskell and Lorenzen, 2004). The cognitive 
perspective does not relate to misaligned interests, but to incomplete, incorrect or 
different beliefs about each other’s productive contribution to the interaction. Territorial 
innovation model arguments are in line with contributions in international business 
management, which state that collaborative agreements are inherently unstable and 
subject to caveats which often produce disappointing outcomes, especially since 
coordination costs are likely to rise with cultural differences (Barkema et al., 1997).
79 See, for instance, Kleinknecht and Mohnen (2002).
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2. Compared to more stable environments, transaction costs in innovative network linkages are relatively 
high in environments characterized by high level o f uncertainty.
The connection between distance and transaction costs is especially relevant in volatile 
environments, since in these contexts uncertainty is high compared to more stable 
environments (Scott and Storper, 1987). According to Langlois and Robertson (1995), in 
high-technology industries, uncertainty is high and the need for firm specialization and 
inter-firm diversity is highest, leading to frequent and unstable interactions.
3. In relation to partnership linkages in innovation trajectories, small- and medium-sized firm s engage 
relatively often in partnerships at limited spatial distance, whereas large firm s engage relatively often in 
partnerships at wider levels.
In the literature on territorial innovation models, especially in the Italian approaches on 
industrial districts, ample attention is given to the role o f small and medium sized 
companies in relation to the regional environment (see for instance Goodman et al., 
1989). Small and medium sized companies are strongly focused on the local and regional 
production environment, since these companies generally lack the resources to invest 
time and money to bridge the difficulties associated with partnership management at wide 
distances (Knight, 2001).
4. Innovative firm s implementing explorative innovation strategies, collaborate at wider distance than firm s 
engaged in exploitative innovation strategies.
Partnership with external organizations provides complementary resources that are 
essential in the innovation process (Edquist, 1997). In explorative learning trajectories 
that demand a high diversity o f knowledge inputs, we are unlikely to find all potentially 
relevant divergent complementary resources within the boundary o f the regional 
environment, especially since in the discovery and sensing phases o f innovation, routines 
and competences between firms in a particular industry tend to converge over time 
within regions rather than between regions, due to local processes o f imitation and 
selective adoption (Boschma, 2004). Due to this differentiated technological landscape 
across space, firms that are able to successfully cross geographic boundaries have access 
to these variegated technological trajectories (Ahuja and Katila, 2004). In this context 
Owen-Smith and Powell (2004) bring up the concept o f global pipelines which are 
associated with multiple selection environments that open divergent information sources 
as potential building blocks for competitive advantage. Building on March (1991), 
Langlois and Robertson (1995) and Nooteboom  (2000), diversity is especially relevant for 
explorative search strategies which can be connected to high-technology industries, 
radical forms o f innovation and companies which explicitly focus on R&D as core 
business.
As mentioned earlier, the above hypotheses are assessed from a micro-level perspective 
focusing on the innovating firm. Following insights from innovation systems literature 
(Freeman, 1994; Edquist, 1997) we adopt a system perspective on innovation. From this
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perspective, innovation processes are conceived as the outcome o f interactions between actors 
within firms and between firms and other organizations like suppliers, clients in the business- 
to-business market, consumers, competing firms, knowledge institutions like consultancy 
firms, private non-profit research institutes, universities and government agencies (see also 
Kline and Rosenberg, 1986). In this view, innovativeness is a matter o f interaction and 
cooperation between the above mentioned actors, which together compromise the system of 
innovation. In this chapter insight is given in the above mentioned hypotheses by focusing 
directly on this interaction. In this way, the empirical endeavors go beyond the analytical 
strategy followed in the previous chapter, in which interaction is indirectly assessed through 
the concept o f knowledge spillovers assumed on the basis o f a spatial lag structure in the data 
set.
Within the system o f innovation, knowledge spillovers potentially occur in various ways. 
Firstly, exchange o f knowledge is facilitated by labour mobility (Capello, 1999). As Eriksson 
and Lindgren (2009) show, clusters are characterized by a relatively high labour mobility, 
compared to activities elsewhere in the economy. Secondly, through spin-off entrepreneurs 
who have acquired relevant knowledge in the mother company as former employees do not 
have to start from scratch, an advantage that is demonstrated by relatively high survival rates 
(Klepper, 2002). Thirdly, support through incubator organizations can offer potential for 
shared use o f technological infrastructure and information exchange at the level o f business 
sites, termed science parks or campuses, often located in the direct vicinity o f higher education 
institutes (Zhang, 2005; Phan et al., 2005). In the analyses reported in this chapter, which 
adhere to the theoretical framework o f the spatial industrial organization o f innovation 
reported in Chapter 3, the focus is on another mechanism, collaborative agreements in 
innovation processes. Apart from pragmatic considerations concerning data availability, the 
focus on partnerships is relevant since, firstly, partnership engagement is a result o f deliberate 
action at the strategic management level o f the firm. Theoretical arguments based on deliberate 
collaborative agreements are strongly connected to the theoretical arguments in spatial 
industrial organization stated in the context o f strategic management at the level o f the 
individual firm engaging in collaborative innovation processes. Although only a minority o f 
innovating companies innovate in partnership (Poot, 2004), collaborative innovation strategies 
enjoy strategic importance. Strategies o f open innovation have overcome traditional barriers o f 
management axioms (Chesbrough, 2003). So, in the last fifty years, the share o f companies 
innovating in partnership increased significantly (Hagedoorn, 2002). Additionally, radical 
innovations, which impact strongly on competitive strength o f individual firms and society as a 
whole, generally involve a combination o f quite distinct capabilities residing in different 
company entities (see also the section network coordination in Section 3.3), and therefore 
interaction often is a necessary condition for such innovations to develop, an interaction that 
can be arranged most flexibly through partnership with firms that possess these 
complementary competences (Kleinknecht and Reijnen, 1992).
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The systems o f innovation research strand has been given an enormous empirical impulse, 
through advances in the measurement o f innovation and the construction o f standardization in 
questionnaires on the knowledge economy, based on interactive models o f innovation. The 
Community Innovation Survey (CIS), as described in Section 4.3, takes into account the 
interactive nature o f the innovation process. Innovation is not solely considered to be 
dependent on linear determinants o f learning, such as expenditures on in-house R&D as input 
for innovation processes, but the results o f innovation are analyzed within a framework in 
which throughput factors like interaction between partners in innovation trajectories and 
knowledge diffusion play a fundamental role. Hence, the CIS survey, compared to 
questionnaires based on traditional, linear models o f innovation, is more capable o f empirically 
addressing the arguments on which territorial innovation models are based (De Bruijn, 2004a, 
p. 435). According to Evangelista et al. (2001):
CIS data represent one o f the richest and most comprehensive data sources in 
innovation activities at the regional level in Europe, especially when compared 
to other most commonly used technological indicators. (Evangelista et al., 2001, 
p. 735)
Variables derived from the CIS database are connected to the level o f the firm. Because in 
practice innovating firms often run several development projects within the boundaries o f the 
firm, following Poot (2004, p. 53),the use o f CIS necessarily implies the assumption that there 
is a certain coherence in innovation management at the firm level. It must be kept in mind that 
in practice, individual development projects can differ from each other in several ways. The 
response rate to the CIS 2.5 questionnaire amounts up to 69 percent (Statistics Netherlands, 
2000, p. 240), which is a fairly good score compared to the response rate in other countries 
(Evangelista et al., 2001). Compared to some recently conducted surveys, held on an ad hoc 
basis, the response rate is remarkably high, given response rates of, for instance, 20 percent in 
a survey among firms in Brabant (Oerlemans, 1996, p. 190), 14 percent as the South-Holland 
response to the ERIS survey (Sternberg, 2000, p. 402) and 7 percent in a recent study on 
economic networks in six city regions (Raspe, 2010).
For the analyses presented in this chapter, use is made o f the CIS 2.5 questionnaire which 
focuses on the period from 1996 to 199880. Although more recent questionnaires are available 
(CIS 4.5 covers the period from 2004 to 2006), use is made o f CIS 2.5 because o f two reasons. 
Firstly, CIS 2.5 distinguishes partnership between innovative companies by distance categories 
between the partners involved. Secondly, CIS 2.5 contains three questions on difficulties in 
partnership strategies which are used to measure transaction costs in the analyses presented in 
the succeeding paragraphs. Approximately 40 percent o f all companies can be considered to be 
innovative (Statistics Netherlands, 2000, p. 89). A firm is considered to be innovative if it was 
able to develop and/or implement technologically new products and/or processes during the
80 For the complete questionnaire (in Dutch) see Statistics Netherlands (2000, pp. 271-275).
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period from 1996 to 199881. In the Innovation Survey, ‘n eV  refers to the level o f the firm, in 
other words the criterion o f innovation depends on whether the innovation was new to the 
firm, not whether it was new to the market or sector in which the firm competes. O f all 
innovative companies, 25 percent innovates in partnership (Statistics Netherlands, 2000, p. 
122). As set out earlier this section, although roughly three quarters o f the population o f all 
innovative firms innovates through their own strength, the capability to cooperate in 
innovation processes is seen as an important asset in the competitive advantage o f the firm.
In Section 6.2 a descriptive analysis is presented on spatial patterns o f partnership. Spatial 
patterns o f partnership are reported by sector, firm size and character o f the innovation. 
Section 6.3 focuses on the building blocks o f spatial industrial organization, transaction costs 
and competences, which stand, according to the theoretical arguments explored in Section 3.5, 
at the basis o f spatial patterns o f partnership. In Section 6.4 spatial patterns o f partnership are 
linked, through transaction costs and competences respectively, to competitive strength. 
Finally, in Section 6.5 conclusions are drawn.
6.2 Sp a tia l p attern s o f  p artn ersh ip
In CIS 2.5, partnership is categorized by type o f partner, country o f origin o f the partner and 
classes based on geometrical distance to the responding company. A distinction is made 
between national and international partners, located at a distance o f less than 10, 10 to 50 and 
more than 50 kilometres from the company innovating in partnership. Although the survey 
distinguishes between different kinds o f partnership, in terms o f eight partner types and three 
distance categories in a domestic and international environment, to indicate the distance to the 
partner, data on the number o f partnerships innovating firms engage in cannot be given on the 
basis o f the CIS questionnaire. Therefore, it is not an easy task to relate attributes o f 
partnership directly to the level o f the individual firm as central unit o f analysis. As already 
pointed out, the scale o f partnership does not relate directly to the unit o f the individual firm. 
Innovating firms usually innovate in partnership with several partners. For example, a large 
part o f all companies innovating with international partners, is also engaged in partnership with 
domestic partners. Unfortunately, on the basis o f CIS 2.5 figures on the number o f partners 
with which companies innovate in collaborative agreements, cannot be given. However, the 
Innovation Survey provides information on the number o f different kinds o f companies which 
act as partners in innovation networks. Following Kleinknecht and Reijnen (1992) this number 
serves as a proxy o f the total number o f partners with which innovating companies cooperate 
in their innovation trajectories. Following the classification o f partners in CIS 2.5 in terms o f 
eight different partners in the national and international environment at a distance o f less than
81 The figure relates to all companies with at least 10 persons employed. This figure relates to the period 
o f  1996 to 1998. In the Netherlands, in subsequent periods, the share o f innovative firms in the total firm 
population has declined to 23 percent in the period from 2004 to 2006 (Statistics Netherlands, 2009).
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10, 10 to 50 and more than 50 kilometres, the average company innovating in partnership 
cooperates with 3.7 different kinds o f partners out o f a maximum o f 48 possible combinations.
More than ninety percent o f all firms innovating in partnership innovate in cooperation with 
domestically based partners (Statistics Netherlands, 2000, p. 124). Just over 70 percent o f firms 
innovating in partnership cooperates with a partner located within 50 kilometres distance 
within the national environment. Roughly the same percentage o f firms innovates with 
domestic partners located at a distance o f more than 50 kilometres. Roughly one out o f two 
companies innovating in partnership innovates in cooperation with one or several international 
partner(s) (Statistics Netherlands, 2000, p. 124).
To relate the distance to (different kinds of) partners to attributes o f the innovating company 
that innovates in partnership, a cluster analysis has been performed on the basis o f the number 
o f different kinds o f partners located at a distance o f less than 50 kilometres from the 
responding company innovating in partnership, the number o f different kinds o f domestic 
partners located at a distance o f minimum 50 kilometres from the innovating company and the 
number o f international partners at a distance o f minimum 50 kilometres from the company. 
All these numbers relate to the number o f partners as a fraction in the total number o f 
different kinds o f partners. Through cluster analysis82 companies are categorized by the scale 
o f innovative networks in which they predominantly participate. The results are summarized 
in Table 6.1. Over 2100 companies in the first cluster innovate predominantly in partnership 
with domestic partners that are located within 50 kilometres from the company. The second 
cluster consists o f companies that innovate predominantly with domestically based partners 
located at further distance from the responding innovating company. Nearly 1400 companies 
are, based on the spatial scope o f their network linkages in terms o f partnership in innovation 
processes, primarily embedded in the national system o f innovation in the Netherlands. 
Companies primarily embedded in international networks are classified in the third cluster. 
With a number o f about 1250 companies, companies which engage in international networks 
o f innovation make up a quarter o f all companies innovating in partnership.
82 For reasons of computational efficiency, an iterative partitioning method (with nearest centroid sorting 
pass) is performed. In contrast to agglomerative methods, iterative partitioning methods offer better 
opportunities to handle large data sets. M ost important drawback o f  iterative partitioning methods is the 
initial partition, which is assigned at random by default. The K-means algorithm assigns each point to the 
cluster whose centre is nearest. The centre is the average o f  all the points in the cluster. Its coordinates 
are the arithmetic mean for each dimension separately over all the points in the cluster. For a detailed 
background on iterative partitioning methods, see Aldenderfer and Blashfield (1984, pp. 45-49). The 
three type classification is chosen for reasons o f interpretability and the size o f subpopulations within 
each cluster. Unlike the results o f a categorization in four cluster types, the three cluster type solution is 
characterized by a rising scale o f distance through the cluster types in both institutional 
(national/international) and geometrical terms.
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Table 6.1 Cluster analysis on spatial scope of partnership1, 1996 to 1998
C luster 1: 
R egion al
C luster 2: 
N ation al
C luster 3: 
International
Nationalpartnership
within 50 kilometres 76.6 9.6 9.7
outside 50 kilometres 17.3 79.8 16.5
Internationalpartnership
within 50 kilometres 4.1 7.0 19.9
outside 50 kilometres 2.0 3.6 53.9
N  (n) 2123 1389 1241
Source: Ministry o f Economic Affairs, on the basis o f Statistics Netherlands, CIS 2.5
1 Figures relate to the number of different kinds of partners at a particular scale (national and 
international partnerships within and outside ar ange of 50 kilometres from the responding firm), as a 
fraction in the total number of different kinds of partners with which firms collaborate in innovation 
processes.
In Table 6.2 cluster membership is reported across sector, firm size and character o f the 
innovation. In Table 6.2 sectoral typologies are distinguished in terms of, first, the standard 
broad classification in three industries: manufacturing, services and other type o f activities 
(construction, public utilities and non profit), and secondly, a classification in high-technology 
sectors and other type o f activities. The distinction between high-technology activities and 
other activities is theoretically relevant, since innovation processes within high-technology 
activities are oriented stronger on explorative search strategies, whereas in other sectors, this is 
only the case to a lesser degree. Both the standard classification and the distinction in terms o f 
high-technology and other activities are summarized in Annex A.6 in terms o f NACE-codes. 
The firm size classification consists o f three categories, namely small enterprises with 10 to 49 
persons employed, medium-sized enterprises with 50 to 199 persons employed, and large 
enterprises with 200 or more persons employed. In relation to the character o f innovation, the 
figures distinguish between product and process innovations. Since, as mentioned earlier, the 
data connect to the level o f the innovating firm and not to the individual development project, 
three categories o f firms can be distinguished: firms which engage solely in product innovation, 
firms which engage solely in process innovations and firms which engage in both types o f 
innovation during the period from 1996 to 1998. Secondly, a distinction is made between firms 
engaging in product innovations which have resulted in products new to the market, and firms, 
engaging in product innovations which have resulted in products new to the firm. The latter 
distinction relates to the difference between ‘true’ innovators and imitators and is generally
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conceived as a satisfying proxy for the distinction between radical and incremental innovation 
(Mairesse and Mohnen, 2002).
Table 6.2 Spatial scope o f partnership1 by sector, firm size and character o f innovation, 
1996 to 1998
R egion al N ation al International
Total population 44.7 (2123) 29.2 (1389) 26.1 (1241)
Sector
Manufacturing 29.4** (436) 35.4** (525) 35.2** (522)
Services 46.8* (1205) 27.8 (716) 25.5 (656)
Other 69.7** (482) 21.4** (148) 9.0** (62)
High-technology activities
High-technology sectors 31.7** (272) 28.9 (248) 39.5** (339)
Other 47.5** (1851) 29.3 (1141) 23.2** (902)
Firm size
small 50.5** (1575) 26.6** (829) 22.9** (716)
medium 36.1** (384) 33.1** (352) 30.9** (329)
large 29.0** (165) 36.6** (208) 34.4** (196)
Character of innovation (product and/ or process innovations)
Product innovation 47.3* (698) 26.9* (397) 25.9 (382)
Process innovation 45.2 (197) 34.6** (151) 20 .2** (88)
Product and process innovation 35.3** (698) 33.5** (662) 31.2** (618)
Character of innovation (new to the market or new to the firm)
Product innovation new to the market 30.3** (273) 31.4 (283) 38.2** (344)
Product innovation new to the firm 50.6 (645) 30.5 (389) 18.8 (240)
Source: Ministry o f Economic Affairs, on the basis o f Statistics Netherlands, CIS 2.5
1 Figures relate to the proportion of firms innovating predominantly at regional, national and 
international levels. Fractions are given in percent; absolute number are given between brackets.
*  indicates significance at the 5 percent level; * *  at the 1 percent level (significance is based on the 
difference between the shares of companies innovating at a particular predominant scale in the various 
subpopulations compared to the same figure for the total population, which is assessed through binomial 
test procedures)
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In general, manufacturing firms engage in wider spatial networks o f innovation than service 
firms. More than 35 percent o f all manufacturing firms innovating in partnership innovate 
predominantly at international scale. The same share o f these companies innovates 
predominantly with domestically based partners at a distance o f more than 50 kilometres. Both 
figures differ in a statistically significant way from the figures based on the total population o f 
firms consisting o f both manufacturing and service firms. Both service companies and other 
types o f businesses (construction, public utilities and non profit) are strongly oriented towards 
the regional environment. At 47 percent, the share o f service companies primarily engaging in 
partnership at the regional level is roughly 20 percent higher than the same figure o f 
manufacturing firms. According to the figures in Table 6.2, innovative networks o f companies 
in high-technology sectors are highly international in nature. Whereas for the total population 
o f innovating firms engaging in partnership, just over a quarter innovates predominantly with 
international partners, for firms in high-technology sectors this figure amounts to 40 percent, a 
difference which is statistically significant at the 1 percent level. The relationship between firm 
size and the spatial scope o f innovative networking is striking. Small companies predominantly 
innovate with partners located in the regional production environment, whereas large 
companies innovate predominantly with partners outside the regional environment. Whereas 
for small companies innovating in partnership, one out o f two firms engages in partnership 
predominantly with regionally based partners, medium- and large-sized companies are less 
confined to the regional environment. Concerning medium-sized firms, 33 percent o f all firms 
innovating in partnership innovate predominantly with domestic partners located at a distance 
o f more than 50 kilometres from the responding company, whereas 31 percent innovates 
predominantly with international partners. For large firms these figures amount to 37 and 34 
percent respectively, whereas these figures for the total population o f firms in the CIS 2.5 
survey amounts to 29 and 26 percent. The figures reported differ significantly from each other 
at the level o f 1 percent. Results by the character o f innovation are less univocal, however. 
While innovators with solely product innovations are relatively strongly oriented on the 
regional environment, innovators with solely process innovations innovate relatively often with 
national partners located at further distance. The share o f firms engaging solely in process 
innovation and innovating in partnership with domestic partners located outside the regional 
environment o f these firms equals 35 percent, which is significantly higher than the same share 
for the total population o f firms innovating in partnership. On the other hand, firms engaging 
solely in process innovation clearly innovate less often predominantly with international 
partners than the average firm innovating in partnership. The share o f companies which 
innovate with domestic partners located at more than 50 kilometres from the responding 
company equals some 20 percent, against 26 percent for the total population o f firms 
innovating in partnership. Innovators which distinguish themselves by both product and 
process innovations, compared to the average firms innovating in partnership, are more 
oriented towards international networks o f partners in innovation. Within this category o f 
firms, the share o f companies innovating in partnership with partners located in vicinity o f 
these companies is relatively low at 35 percent, given the value o f the same figure for the 
general population o f firms innovating in partnership, which equals 35 percent. Unfortunately,
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for these firms, on the basis o f  the available material, we cannot say which partnerships are 
engaged in relation to process innovation within these firms and which partners’ collaboration 
is sought in relation to pending product development trajectories.
On the basis o f the descriptive figures in Table 6.2 some remarkable conclusions can be drawn. 
Firstly, companies which are active in high-technology sectors are embedded in large scale 
networks. These firms innovate relatively often with international partners. The share o f firms 
innovating with predominantly international partners is relatively high at 40 percent, some 14 
percent more than the average share o f firms engaging in predominantly international firms for 
the total population o f firms innovating in partnership. Secondly, there is a clear connection 
between firm size and the spatial range o f partnership in innovation processes. The larger the 
firm, the greater the chance that this firm engages in partnership at relatively wide levels, 
outside a range o f 50 kilometers from the innovating company or in terms o f partnership with 
partners located abroad. Thirdly, although no clear connection has been found between the 
character o f innovation and the spatial scope o f partnership in innovation processes, Table 6.2 
does reveal a pattern in which more radical types o f innovators can be associated with wider 
spatial ranges in partnerships. Companies which engage, within the same period covering three 
years, in both product and process innovations, stick to the regional environment to a lesser 
extent in the choice o f partners with which these firms collaborate. Moreover, product 
innovators developing products new to the sector in which these firms operate, engage more 
often in international networks in terms o f partnerships in innovation processes than firms 
which engage in product development new to the firm.
6.3 Sp a tia l in d u stria l o rgan izatio n  o f  p artn ersh ip  lin k ages
Table 6.3 places transaction costs into spatial perspective. Although transaction costs, whether 
in terms o f the costs o f contact, contract and control or in terms o f the costs o f bridging 
cognitive distance (see Sections 3.2 and 3.3) are not explicitly incorporated in the Innovation 
Survey, the respondents are asked to give an indication o f difficulties with respect to the 
management o f partnership in innovation trajectories. Seen from a system perspective, 
innovation management is, to a large degree, a matter o f relation management. This aspect can 
be seen as the central element transaction costs play in territorial innovation models. Here, it is 
important to keep in mind that difficulties in partnership relate only partially to transaction 
costs. Based on the framework o f Williamson (1975; 1985) framework transaction costs can be 
defined as the costs o f dependency on an outside partner, which creates vulnerability o f 
opportunism to the extent that conditions are uncertain (Nooteboom, 1992). Following Coase 
(1937), Masten (1996) defines transaction costs simply as the costs o f reaching, modifying and 
implementing agreements. In collective learning trajectories, these costs relate to the cognitive 
distance between partners involved. Dynamic transaction costs can be seen as the costs to 
build enough absorptive capacity to bridge cognitive distance with related, complementary 
competences (Nooteboom, 2000). Another way to look at these costs are the costs o f not
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having the right capabilities in-house or on the market when you need them (Langlois and 
Robertson, 1995). These costs are measured here by means o f the answer to the question 
whether respondents experienced problems in the cooperation with partners in pending 
innovation processes.
Table 6.3 Difficulties in partnerships1 by origin o f partners and sector, firm size and 
character o f innovation, 1996 to 1998
R egion al N ation al International T o ta l
Total population 5.4** (115) 7.1 (99) 10.6** (132) 7.3 (346)
Sector
Manufacturing 5.5* (24) 8.0 (42) 9.5* (50) 7.8 (116)
Services 4.0** (48) 6.4 (46) 8 .4** (55) 5.8 (149)
Other 8.9* (43) 7.6* (11) 43.6** (27) 11.7 (81)
High-technology activities
High-technology sectors 3.5** (9) 8.1 (20) 12.4** (42) 8.3 (72)
Other 5.7** (105) 6.9 (79) 10.0** (90) 7.0 (274)
Firm size
small 4.6** (72) 5.0** (41) 12.0** (86) 6.4 (199)
medium 6.4 (24) 8.5 (30) 8.0 (26) 7.6 (81)
large 11.0 (18) 13.5 (28) 10.2 (20) 11.6 (66)
Character of innovation (product and/ or process innovations)
Product innovation x x x 3.9 (58)
Process innovation x x x 3.9 (17)
Product and process innovation 6.4** (45) 8.2* (54) 16.6** (102) 10.2 (201)
Character of innovation (products new to the market or new to the firm)
Products new to the market 7.4* (20) 9.2 (26) 13.8* (48) 10.4 (94)
Products new to the firm 7.2 (46) 7.0 (27) 12.2** (29) 8.1 (102)
Source: Ministry o f Economic Affairs, on the basis o f Statistics Netherlands, CIS 2.5
1 Figures relate to the proportion o f firms experiencing difficulties in the management o f partnerships. 
Fractions are given in percent; absolute number are given between brackets. 
x =  value not given due to reasons o f confidentiality
*  indicates significance at the 5 percent level; * *  at the 1 percent level
Significance is based on the difference between the shares of companies innovating at a particular 
predominant scale in the various subpopulations compared to the same figure for the total population, 
which is assessed through a binomial test procedure.
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In Table 6.3 the figures relate to the share o f companies experiencing difficulties with their 
partners in innovation trajectories. However, since in the Innovation Survey questions on 
difficulties with partners do not distinguish between difficulties with the various types o f 
partners with which companies innovate, the figures must be interpreted with some caution. 
As in Table 6.2, the spatial scope o f partnership is assessed through cluster membership o f 
companies predominantly innovating with partners in the regional environment, companies 
predominantly innovating with domestic partners outside a range o f 50 kilometres and 
companies predominantly innovating with partners located abroad. Almost 350 companies 
which innovate in partnership experience difficulties with partners during the innovation 
process. This means that over 7 percent o f all companies innovating in partnership experiences 
difficulties in collaborative agreements. For companies innovating predominantly with partners 
in the regional environment, this share amounts to 5,4 percent, which is significantly lower 
than the share for all companies innovating in partnership. Similarly, the share o f companies 
experiencing difficulties in partnership is significantly higher for companies innovating 
predominantly with internal partners at more than 10 percent. These figures point to a positive 
relation between distance and transaction costs. O f all firms predominantly innovating in 
partnership with partners located abroad, quite a lot experience difficulties with network 
partners. O f all firms predominantly innovating in partnership with partners located within a 
circle o f 50 kilometres, relatively few experience difficulties in their collaborative agreements.
It is worth noting that, on the basis o f the figures in Table 6.3 on difficulties in partnership, 
distance is relevant both in terms o f geometrical distance (partners located within and beyond a 
circle o f 50 kilometres from the innovating company) and institutional distance (domestic 
partners versus partners located abroad). The share o f firms experiencing difficulties with 
respect to their partners in innovation trajectories is larger for the subpopulation for firms 
predominantly innovating in partnership at international scale, than the share is for partnership 
predominantly innovating with domestic partners. Similarly, the share o f firms with difficulties 
with respect to their innovation partners is larger for companies predominantly innovating 
with domestic firms located outside a range o f 50 kilometres from the innovative company, 
than the same figure for firms innovating in partnership with partners located within the 
regional environment.
The connection between distance and difficulties in partnership holds both for manufacturing 
and service companies, although differences between subpopulations distinguished by the 
scope o f partnership are, when manufacturing firms are concerned, only significant at the 5 
percent level. The positive relation between distance and transaction costs also holds for both 
high-technology firms as well as for the rest o f the population o f companies innovating in 
partnership. Differences are, however, not significant for the subpopulation o f relatively large 
companies over 50 employees (medium and large firm size). The larger the company, the more 
difficulties it seems to experience in its network environment. O f all companies with 200 or 
more persons employed, 12 percent experiences difficulties in the management o f 
partnerships, whereas for small companies with a number o f employees within the range o f 10
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to 50 persons employed, this share equals 6 percent. However, this difference is probably 
explained by the difference in the number o f partners that are involved in the innovation 
process, which is roughly twice as much for large companies than for small companies83. 
Companies engaging in more radical forms o f innovation experience more difficulties in 
partnership, than other firms innovating in partnership. O f all firms which are active in both 
product and process innovation, more than 10 percent experiences difficulties in the 
management o f partnership, which is significantly higher than the same figure for the total 
population o f firms innovating in partnership. Similarly, the share o f manufacturing firms 
developing innovations new to the market that experience difficulties with respect to external 
partners, which amounts 10.4 percent, is significantly higher than the same figure for 
manufacturing firms which develop innovations new to the firm and not new to the market. In 
summary, findings indicate a positive connection between the difficulties in partnership and 
the spatial scope o f partnership and confirm earlier research by Lhuillery and Pfister (2009), 
although it must be emphasized that in the analysis o f Lhuillery and Pfister (2009) this 
connection is only confirmed for competitors and research institutions as foreign partners in 
innovation trajectories. Apart from the finding that the distinction between domestic 
partnership and cross-border partnership clearly differentiates difficulties experienced in the 
management o f collaborative agreements, the connection has also been confirmed between 
geometrical distance and difficulties in partnership management in terms o f the distinction 
between regional and extra-regional partnerships.
Table 6.4 focuses on the share o f R&D-companies in the total population o f firms innovating 
in partnership. As set out earlier, in comparison with other innovative companies, R&D 
companies explicitly focus on explorative search strategies as a core business o f the firm. 
Explorative search strategies demand a high diversity in knowledge inputs and, due to local 
processes o f imitation and selective adoption, the global landscape o f technological 
competences differentiates across space. Therefore, it is to be expected that R&D-companies 
distinguish themselves from other innovative firms through a relatively wide spatial scope o f 
partnership agreements. As in the previous analyses, a distinction is made by the scope o f 
partners, innovating companies predominantly collaborate with. In the definition o f an R&D- 
company, we followed the definition developed by Statistics Netherlands (2000) based on the 
Frascati-definition o f R&D (O ECD, 2002):
Research and experimental development (R&D) comprise creative work 
undertaken on a systematic basis in order to increase the stock o f knowledge, 
including knowledge o f man, culture and society, and the use o f this stock o f 
knowledge to devise new applications. (O ECD , 2002, p. 30)
83 For all other subpopulations distinguished in Table 6.3, differences in the number o f  different kinds o f 
partners (figures on the exact number of partners are not available in CIS) are less demarcated (see Annex 
A.7 for an overview).
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Following the above definition, R&D is performed by R&D-companies. In CIS 2.5 an R&D- 
company falls in the category o f R&D-companies if it fulfills one or more o f the following 
criteria (Statistics Netherlands, 2000, pp. 263-265)84. During the period from 1996 to 1998:
- the company, with its principal activity in other sectors than sale, maintenance and repair o f 
motor vehicles and motorcycles and retail sale o f automotive fuel (NACE 50), hotels and 
restaurants (NACE 55), real estate activities (NACE 70), renting o f machinery and 
equipment without operator and o f personal and household goods (NACE 71), some 
specific consumer services (93), devoted ten or more full-time equivalents to R&D;
- the company, with its principal activity in wholesale, devoted three or more full-time 
equivalents to R&D;
- the company, with its principal activity in wholesale on a fee or contract basis (NACE 
51.1), telecommunications (NACE 64.2), computer and related activities (NACE 72) or 
architectural and engineering activities and related technical consultancy (NACE 74.2), 
devoted one or more full-time equivalents to R&D;
- the manufacturing company, which devoted ten or more full-time equivalents to R&D in 
one or more years before 1996 or developed product innovations new to the market during 
the period from 1996 to 1998, devoted one or more full-time equivalents to R&D;
- the service company was recognized as an R&D-company in the years before 1996.
O f all companies innovating with predominantly international partners, 35 percent can be 
designated as R&D-companies. For companies predominantly innovating in partnership with 
domestic partners located outside the regional environment, this figure Amounts to 28 percent. 
Both shares distinguish themselves statistically from the average share o f R&D-companies in 
the total population o f companies innovating in partnership. The same connection between 
the scope o f partnership in innovation trajectories and share o f R&D-companies also holds for 
a specific subpopulation based on sector o f principal activity (manufacturing, services and 
other sectors), high-technology activities (although differences are not statistically significant at 
the 1 percent level due to limited size o f the subpopulation), firm size and character o f the 
innovation85. Where the character o f innovation is concerned, the differences in the share o f 
R&D-companies across the categorization based on the spatial scope o f partnership for 
companies engaging in product innovation new to the market are not statistically significant, 
mainly due to the fact that the fact whether innovating firms have developed product 
innovation new to the market during the period from 1996 to 1998 serves as an important 
criterion in the determination o f the status o f R&D-company. Considering the fact that for the 
total population the share o f R&D-companies is remarkably higher for companies which
84 This rather complicated definition is based on research on individual company records over subsequent 
R&D-surveys conducted by Statistics Netherlands. This research has been carried out by Statistics 
Netherlands and is not reported because o f reasons o f  confidentiality.
85 D ue to reasons o f confidentiality results for firms which engage solely in product or process 
innovations, the share o f R&D-companies cannot be reported by scope o f  partnership in the innovation 
process.
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innovate predom inantly  with international partners than the sam e share fo r  all com pan ies 
inn ovating in partn ersh ip , the h ypoth esis can  be  confirm ed.
Table 6.4 R & D -co m p an ies1 by  origin o f  partners and sector, firm  size and character o f  
innovation , 1996 to  1998
R egion al N ation al International T o ta l
Total population 14.2** (302) 28.4** (394) 35.0** (435) 23.8 (1131)
Manufacturing 35.7** (156) 43.9 (231) 51.1** (267) 44.0 (654)
Services 8 .8** (106) 19.2** (137) 21.6** (142) 15.0 (385)
Other 8.3** (40) 17.7 (26) 41.6** (26) 13.3 (92)
High-technology activities
High-technology sectors 50.0 (136) 51.7 (128) 60.7* (206) 54.7 (470)
Other 9.0** (166) 23.3** (266) 25.4** (229) 17.0 (661)
Firm size
Sm all 8 .8** (138) 14.9 (124) 24.5** (175) 14.0 (437)
Medium 24.4** (94) 42.6** (150) 38.4* (126) 34.7 (370)
Large 42.4** (70) 58.0 (120) 68.0** (133) 56.9 (324)
Character of innovation (product and/ or process innovations)
Product innovation x x x 22.5 (332)
Process innovation x x x 3.5 (15)
Product/process innovation 27.1** (189) 41.6 (275) 48.7** (301) 38.7 (765)
Character of innovation (products new .to the market or new e
>5
Products new to the market 65.2 (178) 73.6 (209) 71.0 (244) 70.1 (631)
Products new to the firm 2.7** (17) 12.4* (48) 20.2** (48) 9.0 (114)
Source: Ministry o f Economic Affairs, on the basis o f Statistics Netherlands, CIS 2.5
1 Figures relate to the proportion o f R& D  companies in the total number o f  firms engaging in collaborative 
innovation processes. Fractions are given in percent; absolute number are given between brackets. 
x =  value not given due to reasons o f confidentiality
*  indicates significance at the 5 percent level; * *  at the 1 percent level
Significance is based on the difference between the shares o f  companies innovating at a particular 
predominant scale in the various subpopulations compared to the same figure for the total population, which 
is assessed through binomial test procedures.
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To summarize the main results o f the analyses reported in this section, both the transaction 
costs and the status o f R&D-company are strongly related to the spatial scope o f innovative 
networks. In general, a positive connection exists between transaction costs, as measured by 
the share o f innovating companies experiencing difficulties in the management o f partnerships, 
and distance. With an increasing distance between collaborating partners, the risks o f 
encountering difficulties in the management o f partnerships increase. Distance can be 
interpreted both by the distinction between domestic partners and partners located abroad and, 
in geometrical terms, by the distinction between domestic partners located in the regional 
environment o f (within a circle o f 50 kilometres from) the innovating company. Companies 
engaging in more radical forms o f innovation (innovation new to the sector as opposed o f 
innovations new to the firm) experience more difficulties in partnership than other firms 
innovating in partnership. The same difference exists for innovative companies active in high­
technology fields and other innovative companies. This finding strongly adheres to the notion 
set out in Section 3.2, that especially in uncertain environments transaction costs are high, 
because o f the inadequacy o f strategies based on formal inflexible arrangements under 
circumstances which cannot be predicted in advance. Findings on the connection between the 
spatial distance between network partners and difficulties in the management o f partnership 
partly correspond with earlier research by Lhuillery and Pfister (2009) for competitors and 
research institutions as foreign partners in innovation trajectories and are in line with the 
observations o f Gertler (1995) on the development, adoption and implementation o f advanced 
manufacturing technologies.
However, from a transaction cost perspective, the outcomes reported in Table 6.2 in Section
6.2 can come as surprise. Particularly companies active in more radical innovation projects, 
which are, from a transaction cost perspective, expected to gain advantage by networking at 
regional scale, innovate in partnership at the widest scope, compared to more incremental 
forms o f innovation. The same applies to innovative firms active in high-technology fields and 
firms engaging in both product and process innovations. As set out in Chapter 3, this finding 
can be explained by the fact that these companies have to scan at relatively wide levels to 
search for partners with a divergent set o f related complementary competences in explorative 
search strategies. This hypothesis is tested on the basis o f the descriptive figures in Table 6.4 
which focus on R&D-companies. Compared to other innovating companies R&D-companies 
innovate close to the frontier o f technological know-how through exploration o f new 
technological possibilities. This expectation is confirmed by the positive relation between the 
share o f R&D-companies and the spatial scope o f partnership in innovation trajectories. This 
finding corresponds with Sidhu’s et al. (2007) observation o f the connection between spatial 
search and the exploration/exploitation dichotomy and Ahuja and Katila’s (2004) observation 
that the degree to which a firm’s efforts to span national boundaries impacts positively on a 
firm’s innovative output. Similarly, the finding is in line with Giuliani and Bel’s (2005) 
conclusion that a firm’s absorptive capacity, acquired through in-house R&D-efforts, is 
positively connected to the ability to tap into a wide variety o f information sources gained 
access to through extra-regional partnerships. Similar findings are reported by Drejer and
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Vinding (2007) based on Danish firms engaged in collaborative innovation processes, although 
it must be emphasized that their conclusion only holds for firms located in the peripheral 
region o f North-Jutland and not for firms with business location in the more centrally situated 
region o f East-Jutland.
6.4 C lu ste r  sy n erg ie s th rough  p artn ersh ip
An important question in the analysis o f spatial industrial organization is whether spatial 
differences in transaction costs and scarcely available complementary competences are also 
shown in cluster synergies in terms o f competitive strength. To initially reflect on this question, 
competitive strength is related to the spatial scale o f the networks innovative companies are 
embedded in. Issues o f competitive strength are integrated in the Community Innovation 
Survey through the question o f whether the respondents estimate the effect o f technological 
innovations on market share as insignificant, significant or strong. Variables on competitive 
strength are therefore based on self-classification. Although in general more objective 
measures o f competitive strength are to be preferred over self-classification, these measures 
suffer important disadvantages in the light o f the research framework upon which the analyses 
in this chapter are based86. In general, it can take several years from the initial investment to 
the economic impact o f the results o f the innovation process.
Table 6.5 Competitive strength (effects o f innovation on market share) by spatial scale o f 
partnership, 1996 to 1998
N etw ork scope Significant im pact C onsiderable  im pact
Regional 69.3 (1122) 36.8** (595)
N  ational 64.5** (679) 27.0** (284)
International 69.4 (670) 35.8 (346)
Total 67.9 (2471) 33.7 (1225)
Source: Ministry o f Economic Affairs, on the basis o f Statistics Netherlands, CIS 2.5 
*  indicates significance at the 5 percent level; * *  at the 1 percent level
86 For analyses on the basis o f  CIS with more objectively based estimates o f  competitive strength (labour 
productivity) as dependent see for example Klomp and Van Leeuwen (2001) and Van Leeuwen and 
Klomp (2006). Given the — often considerable — time lag between initial investment and exploitation 
through increased competitive position (Ravenscraft and Scherer, 1982), in combination with the fact that 
figures on both difficulties in the management o f partnership and regional scope o f partnership are only 
available for CIS 2, in this study objectively based estimates o f competitive position are not used in the 
analyses. On the basis o f one stream o f the CIS survey time frames between input, throughput and 
output cannot be taken in consideration.
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In Table 6.5, competitive strength is associated with the scale o f the partnership linkages with 
which companies innovate in innovation trajectories. Most companies estimate the effects o f 
innovation as significant. Some 68 percent o f companies innovating in partnership estimates 
the effect o f innovation on market position as significant. Differences across partnership 
categories are relatively small. For companies innovating with domestic partners outside the 
regional environment, the share o f companies which estimate the impact o f innovation on 
competitive position as significant is smaller than for the average firm innovating in 
partnership. For the other categories defined by scope o f partnership (firms innovating 
predominantly with domestic partners located within a circle o f 50 kilometres from the 
innovating firms and firms innovating with partners abroad) the share o f all companies which 
estimate a significant impact o f innovation on competitive strength does not differ in a 
statistically significant extent from the overall picture. Differences in term o f the number o f 
companies which estimate the effects as considerable, are larger across the different 
partnership categories. For different scales o f partnership the share o f companies which 
estimate the effects o f technological innovation on market position as strong, differs between 
27 percent for companies which innovate with domestic partners outside their regional 
production environment and 37 percent for companies which innovate predominantly with 
regional partners. Based on these descriptive figures, one might conclude that for companies 
innovating in partnership, international and regional connectivity count in the innovation 
process. One must, however, bear in mind that these figures have not been corrected for other 
determinants o f innovation. The spatial embeddedness in innovative networks is only one o f 
many factors potentially determining innovative strength. Therefore, to assess the relation 
between spatial scope o f innovation networks and competitive strength o f the partners 
embedded in these networks, additional analyses have been performed.
In Table 6.7 the results are shown o f a logistic regression with the impact o f innovation on 
competitive position, as estimated by the respondents to the CIS questionnaire, as dependent 
variable. In logistic regression the chance o f an event occurring is being modelled against a set 
o f explaining variables87. Two models are summarized, one that models the chance o f the
87 In logistic regression, the outcome variable Y  is having one outcome or another based on a nonlinear 
function o f the best linear combination o f predictors, with two outcomes:
Y, =  e
where Yj is the estimated probability that the ith case (I — 1, 2, ..., n) is in one o f the categories and u is 
the linear regression equation:
u — A  +  B 1X 1 +  B2X 2 +  ... +  BkXk
with constant A , coefficient Bj and predictors X j for k  predictors (j — 1, 2, ... ,  k). The linear regression 
equation creates the logit or log o f the odds:
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event that respondents estimate the impact o f innovation on competitive position as 
significant, and one that models the chance o f the event that respondents estimate the impact 
o f innovation on competitive position as considerable. The independents in the model are 
summarized in Table 6.6.
Innovation expenditures are represented by two dummy variables88, the first one related to the 
question whether the firm has had any innovation expenditures during the time frame under 
consideration (IE1), the second one related to the question whether innovation expenditures, 
measured as a share in total revenues, exceed the median score o f all firms included in the 
analyses (IE2)89. Government subsidies (GS) is a dummy variable indicating whether the 
innovating company benefited from government subsidies (at a regional, national or European 
level) or not. Clearly, innovation is not a matter o f financial inputs alone. Information sources 
(IS) is a variable that describes the importance that respondents attach to information sources 
in the innovation process, which can be interpreted as the inspiration needed to innovate.
ln j  =  A  +  YfijXtJ
The linear regression equation is the natural log o f the probability o f being in one group divided by the 
probability o f  being in the other group. The procedure for estimating coefficients is maximum likelihood. 
The goal is to find the best linear combination o f predictors to maximize the likelihood o f  obtaining the 
observed outcome frequencies (Tabachnick and Fidell, 2001, p. 518). Linearity o f continuous variables is 
tested through the Box-Tidwell approach (Tabachnick and Fidell, 2001, p. 522), in which terms, 
com posed o f the interaction between a continuous independent and its natural logarithm, are added to 
the logistic regression model. A  statistically reliable interaction term points to violation o f the assumption 
o f  linearity in the logit.
88 Given the statistically significant outcome (at the level o f  1 percent) in the Box-Tidwell approach, for 
the model with continuous variable innovation expenditures as independent, measured as the logarithmic 
transformation o f the share o f innovation expenditures in total revenues, linearity in the logit cannot be 
assumed.
89 The median score amounts to 2 percent. It is important to note that this figure cannot directly be 
connected to standard input indicators o f innovation (as, for instance, the goals set out in the Lisbon 
strategy in terms o f  gross expenditures on R& D  in relation to gross domestic product). M ost importantly, 
the figure reported concerns the median score and not the average figure. Second, because expenditures 
in R& D  comprise only a part (approximately one third) o f total innovation expenditures (Brouwer and 
Kleinknecht, 1997), third, due to limits in data availability in the analyses reported in this section, 
innovation expenditures are related to total revenues and not to gross value added and, fourth, the 
population under consideration (firms innovating in partnership) is not representative for the total 
population o f firms in the Netherlands.
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Table 6.6 Variables included in the analysis
Variable Label Definition
Dependents
CP1 Significant impact o f 
innovation on competitive 
position
The innovation had a significant effect on the 
enterprise’s competitive position during the period 
1996-1998
CP2 Considerable impact o f 
innovation on competitive 
position
The innovation had a considerable effect on the 
enterprise’s competitive position during the period 
1996-1998
Independents
IE1 Innovation expenditures Estimated costs o f  innovation activities1 in 1998 as a 
fraction in total firm revenues (dummy, 0 =  0; 1 >  0)
IE2 Innovation expenditures 
above the median
Estimated costs o f  innovation activitiesi in 1998 as a 
fraction in total firm revenues (dummy, 0 <  0 .02; 1 >  
0 .02)
GS Government subsidies D id  the enterprise receive public financial support for 
innovation activities during the period 1996-1998? 
(dummy, 0 =  no; 1 =  yes)
RDC R& D  - c omp any R&D-companyn (dummy, 0 =  no; 1 =  yes)
N T I N  on-technological 
innovation
Apart from technological new or improved products, 
services and/or processes, did the enterprise engage in 
creative improvementsiu during the period 1996-1998? 
(dummy, 0 =  no; 1 =  yes)
IS Information sources Importance attached to information sourcesiv
LIC Licensing Purchase o f rights to use patents and non-patented 
inventions, licenses, know-how, trademarks, software 
and other types o f  knowledge from  others during the 
period 1996-1998 (dummy, 0 =  no; 1 =  yes)
R N E Regional network 
embeddedness
Enterprise innovates predominantly with domestic 
partners located within a range o f 50 kilometres from 
the enterprise7 (dummy, 0 =  no; 1 =  yes)
continued on next page
204
V ariable L ab  el Definition
N N E National network 
embeddedness
Enterprise innovates predominantly with domestic 
partners located outside a range o f 50 kilometres from 
the enterprisev (dummy, 0 =  no; 1 =  yes)
IN E International network 
embeddedness
Enterprise innovates predominantly with international 
partnersv (dummy, 0 =  no; 1 =  yes)
D P Partnership difficulties D id  the enterprise experience hampering factors related 
to the management o f partnerships during the period 
1996-1998? (dummy, 0 =  no; 1 =  yes)
D O Other difficulties D id  the enterprise experience other hampering factors^ 
during the period 1996-1998? (dummy, 0 =  no; 1 =  yes)
Source: Statistics Netherlands (2000)
1 Apart from in-house R& D  expenditures, expenditures concern extramural R& D , acquisition o f licenses 
and other external knowledge sources, acquisition o f  advanced machinery and equipment (excluding 
depreciation), training, design and marketing. All innovation expenditures are directly related to the 
introduction o f technologically new or improved products and processes. 
ii See Section 6.3 for a detailed account on the definition o f R&D-company.
iu Creative improvements concern new or significantly improved corporate strategies, management 
techniques, organizational structures and marketing concepts or strategies.
iv With regard to a wide array o f information sources respondents are asked to estimate the use and 
importance o f each information source in the innovation process during the period 1996-1998 use the 
following scale: 0 =  source was not used; 1 =  source was used and the use is evaluated as slightly 
important; 2 =  source was used and the use is evaluated as important; 3 =  source was used and the use is 
evaluated as highly important. Information sources concern internal sources within the enterprise or the 
enterprise group, recently hired (within the period 1996-1998) personnel and external sources (suppliers, 
clients and competitors, consultants, universities and other research institutions, innovation centres 
(publicly funded broker institutions), business organizations, and a range o f  other sources (patents, 
software and conferences). The arithmetic mean o f  individual scores on information sources is taken as a 
general measure for the importance attached to information sources.
v See Table 6.1
vi Hampering factors, apart from partnership difficulties, concern financial risks, high costs, lack o f 
financial resources, unqualified personnel, lack o f  technological knowledge resources, inflexible 
organisation structure, inadequate responsiveness to external developments, market uncertainties and 
government legislation.
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Information sources range from internal sources (in-house sources, new personnel and, if 
applicable, the mother company), network partners (customers, suppliers, competitors and 
public and private knowledge organizations) to codified and tacit sources such as patents, 
software, literature, trade fairs and conferences. Furthermore, knowledge acquired through the 
purchase o f license and patent rights (LIC) is included in the model. The dummy variable o f 
R&D-company (RDC) is integrated in the model through interaction variables with the scope 
o f partnership (R N E /N N E /IN E  for regional, national and international embeddedness 
respectively) relating to hypotheses based on concepts o f clustering and agglomeration. The 
interaction between the dummy variable difficulties in partnership (DP) and spatial scope o f 
partnership reflects the hypothesis o f transaction costs in territorial innovation models that, 
when difficulties between partners occur, they are easier to manage when companies are co­
located or are part o f the same cluster. The dummy variable other difficulties (DO) is expected 
to have a negative impact on competitive strength. Other difficulties comprise a range o f 
difficulties from financial hurdles, through insufficient qualities o f the organization to market 
acceptation. Non-technological innovation (NTI) is represented by a dummy variable which 
indicates whether the technological innovation is coincided by non-technological innovation 
like improvements in strategy, operational management and marketing. Finally, a range o f 
sector dummies based on the standard sector classification in the Knowledge and Economy 
publication series by Statistics Netherlands (see Annex 8) is included in the analyses. The 
sector dummies are included because o f market conditions which strongly affect competitive 
dynamics in industries (Eisenhardt and Martin, 2000).
The model fit o f the model with dependent significant impact o f innovation on competitive 
position is better than the model fit o f the model with considerable impact o f innovation on 
competitive position. Intuitively, it is easier to model significant performance than outstanding 
performance. Based on the value o f log likelihood and on Nagelkerke’s pseudo R-squared the 
model with significant impact fits the data better than the model with considerable effect as 
dependent90. However, both models perform significantly better than the base model with only 
the constant as independent. For both models, the omnibus test shows chi-square figures o f 
592 and 471 for the model with dependent significant impact and considerable impact o f 
innovation on competitive position. Both figures are statistically significant at the level o f 1 
percent. Accordingly, the percentage correctly predicted outcomes is higher in both full models 
than the percentage in both base models. For the model with dependent significant impact o f 
innovation on competitive position this figure amounts to 75 percent, whereas the percentage
90 Pseudo R-squared measures cannot be interpreted directly in terms o f  the proportion o f explained 
variance. However, they do provide a good approximation o f  the strength o f  association (Tabachnick and 
Fidell, 2001, p. 545). Nagelkerke’s measure, a variant o f  the Cox and Schmell measure, is m ost commonly 
used and is based on the log likelihood o f  the final model versus the log likelihood for the baseline 
model. Nagelkerke's R-squared is a modification o f  the Cox and Snell coefficient to assure that it can vary 
from 0 to 1. Nagelkerke's R-squared divides Cox and Snell's coefficient by its maximum in order to 
achieve a measure that ranges from 0 to 1.
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o f correctly predicted outcomes for the model with dependent considerable impact reads 69 
percent. Given the large sample size, the statistically significant outcome on the Hosmer- 
Lemeshow test (H-L)91 is not considered to be problematic. Both models fulfil the test on 
linearity in the logit for continuous variables using the Box-Tidwell approach92.
Considering the impact o f individual independents, the similarities between both models, with 
dependent significant respectively considerable effects o f innovation on competitive position, 
as estimated by managers o f responding firms, are striking. Innovation expenditures (IE) have 
a large positive impact on innovation output in terms o f the effect on market position. 
Similarly, additional government subsidies (GS) impact positively on innovation output. 
However, the output o f innovation processes does not solely depend on financial inputs. Use 
o f information sources (IS) is an important source o f inspiration, given its statistically 
significant positive impact on the output o f innovation in the models with both a significant 
and considerable effect o f innovation on market position as dependent. Knowledge spillovers 
through purchase o f licenses, patents and trademarks does (LIC) do not exert a statistically 
significant effect on market position.
Difficulties in partnership exert a negative influence on innovation output in both models 
distinguished in Table 6.7. To test the impact o f difficulties in partnership by scale, interaction 
terms are taken up in the model between the (dummy) variables difficulties in partnership and 
cluster membership based on the scope o f partnership in innovative networks in which 
responding firms predominantly participate (see Table 6.1 in Section 6.2). Especially in regional 
and national innovation networks, difficulties are relevant, given the negative statistically 
significant coefficients o f the interaction terms o f difficulties in partnership (DP) and regional 
network embeddedness (RNE) and national network embeddedness (NNE) respectively. 
Again, this outcome relates to both models with a significant and considerable effect o f 
innovation on market position as dependent. Given the theoretical expectation that difficulties 
are easier manageable within the context o f regionally embedded innovative networks (Scott 
and Storper, 1987) this outcome is, at first sight, a somewhat surprising result. It might, 
however, be the case that difficulties are conceived as unavoidable part o f economic life in 
cross-border partnership (Gertler, 1995).
91 The Hosmer-Lemeshow test evaluates the distribution o f  cases in deciles constructed on the basis o f  an 
increasing estimated probability on the dependent variable (Tabachnick and Fidell, 2001, p. 538). A  good 
model fit is associated with a distribution in which m ost o f  the subjects with a positive outcome on the 
dependent variable fall in the higher deciles o f  risk and vice versa. Although the Hosmer-Lemeshow test 
produces a significant result in the sense that the observed distribution significantly differs from the 
expected distribution, the contingency tables are characterized by clearly discriminating patterns and cases 
are not evenly spread among the deciles o f risk for both outcomes o f the dependent variable (see Annex 
8).
92 In both models the impact o f information sources, in interaction with its logarithmic transformation, is 
not statistically significant at the level o f 10 percent. See also Note 88.
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Table 6.7 Logistic regression with the impact o f innovation on competitive position as 
dependent variable, 1996 to 1998, summary o f resultsi
In depen den ts" Sign ificant im pact C onsiderable im pact
Constant 0.10 (30.8)** 0.31 (8.1)**
IE1 4.47 (88 .8)** 1.70 (9.1)**
IE2 1.34 (8.1)** 1.90 (46.2)**
GS 1.69 (20.7)** 1.39 (9.8)**
IS 1.60 (15.9)** 1.34 (7.3)**
LIC 0.98 (0.1) 0.87 (2.3)
D P *R N E 0.18 (33.3)** 0.23 (14.4)**
D P *N N E 0.30 (18.2)** 0.18 (16.4)**
D P *IN E 0.86 (0.3) 0.75 (1.2)
D O 0.82 (0.5) 0.93 (0.6)
R D C *R N E 1.45 (3.4) 2.25 (24.1)**
R D C *N N E 1.25 (1.8) 0.77 (2.7)
R D C *IN E 0.91 (0.3) 1.47 (5.8)*
N T I 1.78 (21.6)** 1.08 (0.4)
N 3252 3252
-2LL 3334 3744
R 2n 26.1 18.0
H-L 77.5** 17.0*
Percentage correct 75.2 (69.5) 68.4 (65.3)
Source: Ministry o f Economic Affairs, on the basis o f Statistics Netherlands, CIS 2.5
*  indicates significance at the 5 percent level; * *  at the 1 percent level
i Figures relate to the log odds ratio associated with a one-unit change in the independent variable in 
terms o f the dependent variable (the chance o f a significant, respectively considerable impact o f 
innovation on competitive position), a value higher than 1 indicates the odds will increase, whereas a 
value lower than one indicates decreasing odds. The Wald coefficient, reported between brackets, equals 
the coefficient divided by its standard error, is an indication o f  the strength o f the association and follows 
a Chi-square distribution.
ii Sector dummies are reported in Annex 8
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In regional and national collaborative agreements, the chances o f encountering partnership 
difficulties are much smaller, as shown in the descriptive analyses in Section 6.3. However, 
when difficulties do occur, they impact negatively on the outcome o f the innovation process, a 
finding that might be related to reputation effects in regionally embedded networks through 
negative feedback loops in local buzz processes (Bathelt et al., 2004). Other difficulties (DO) 
than difficulties in the management o f partnership do not exercise a statistically significant 
negative impact on the outcome o f innovation. However, conclusions on the relevance o f 
other hampering factors than difficulties in the management o f partnerships, such as market 
acceptation difficulties or financial bottlenecks, have to be interpreted with caution. From 
descriptive figures, it follows that other hampering factors clearly outweigh difficulties in the 
management o f partnership (Statistics Netherlands, 2000, p. 173). From the analyses presented 
in this section, however, it follows that, unlike difficulties in the management o f partnership, 
other difficulties do not discriminate between the competitive position o f the subpopulation o f 
firms engaged in collaborative innovation processes. The status o f R&D-company (RDC), 
corrected for innovation expenditures, exerts a positive impact on innovation output, but only 
in interaction with regional network embeddedness (RNE). The impact is statistically 
significant in the model with innovation outcomes in terms o f a considerable effect o f 
innovation on competitive position as dependent. For the model with a significant impact o f 
innovation on competitive position however, the impact o f the interaction misses the 5 percent 
threshold with a significance o f 6 percent. As elaborated earlier, R&D-companies innovate to a 
higher extent than ‘ordinary’ innovative companies , predominantly in partnership with extra­
regional and international partners. As outlined earlier, R&D-companies can be associated with 
explorative learning strategies in which partnership has a role gain access to diverging sets o f 
complementary competences. Given the global technological landscape o f divergent sets o f 
potentially relevant knowledge inputs, firms that are successfully able to cross geographical 
boundaries have access to variegated technological trajectories (Ahuja and Katila, 2004). 
However, in cases in which related competences are available within the regional production 
environment, innovative companies enjoy gains in learning which translate themselves in 
competitive advantage. This proposition is confirmed by the significant interaction effect o f 
the combination o f R&D-company and regional network embeddedness in the model analyses 
reported in Table 6.7.
The impact o f non-technological innovation (NTI) varies considerably between both models. 
It is highly significant for the output o f innovation in terms o f the effect o f innovation on 
competitive position estimated by managers as significant, whereas the coefficient is not 
statistically significant for innovation output, in terms o f the effect o f innovation on 
competitive position estimated by managers as considerable. In the remainder o f this section 
the dependents o f both models are simply referred to as innovation output.
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6.5 Su m m ary  o f  fin d in gs
This chapter focuses on the spatial scope o f partnership. On the basis o f cluster analysis, 
companies which innovate in partnership can be classified in companies which predominantly 
innovate with partners within a scope o f 50 kilometres, companies which predominantly 
innovate with domestic partners outside a scope o f 50 kilometres and companies which 
innovate predominantly with international partners. On the basis o f this classification, 
conclusions can be formulated in relation to the hypotheses summarized in the introductory 
section o f this chapter. However, in the interpretations o f conclusions, the following caveats 
have to be kept in mind.
- Firstly, the analyses reported in this chapter only apply to firms engaged in collaborative 
innovation trajectories. In light o f the hypotheses posed in Section 6.1, the choice to focus 
on firms engaged in collaborative innovation processes has the advantage o f an exclusive 
focus on the spatial scope o f network linkages, independent from management decisions 
on the choice to engage in collaborative innovation processes or to innovate by own 
strength. In practice however, this choice can be related to spatial dimensions in the search 
for appropriate partners. It might be the case, for instance, that, due to spatially 
discriminating hampering factors in the search for partners, the firm management has to 
decide not to engage in a strategy o f collaborative innovation or even not to implement an 
innovation oriented strategy at all. Since the analyses in this chapter exclusively relate to 
firms which already have made a decision to engage in collaborative innovation processes, 
these kind o f considerations are not accounted for in the conclusions summarized in this 
section.
- Secondly, the measurement o f both competences and transaction costs is subject to some 
caveats. On the basis o f secondary data, it was not possible to directly measure the concept 
o f competence and to relate partnership to the motive o f gaining access to complementary 
competences. From the literature however, partnership is conceived as a means to gain 
access to complementary competences (Grant and Baden-Fuller, 2004) and R&D- 
companies are conceived as firms which explicitly focus on R&D as core business o f the 
organization within an explorative search framework (March, 1991). Additionally, although 
secondary data do provide a measure for transaction costs considerations, some aspects o f 
transaction costs are left out o f  the analyses. These aspects especially apply to the cost o f 
contact with potentially relevant partners since the focus o f analyses exclusively lies on 
established partnerships.
- Thirdly, transaction costs are not directly related to the spatial scope o f partnership. Firms 
innovate in partnership with several kinds o f partners and ideally an empirical test o f 
spatially discriminating transaction cost consideration should connect difficulties in the 
management o f partnership to different kinds o f partnership. On the basis o f the data 
available, an application o f such an analytical framework is not possible, since the 
Community Innovation Survey questionnaire does not distinguish difficulties in the 
management o f partnership to different kinds o f partners. However, on the basis o f cluster 
analysis, clearly distinguishable structures appear in which firms are classified on the basis
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of the spatial scope at which these firms predominantly innovate in partnership 
arrangements.
- Fourthly, it is important to note that the definition o f the regional environment is confined 
a 50 kilometre range from the responding company. Although this level is limited in 
comparison with Feldman and Audretsch’s (1996a) definition o f the region on the basis o f 
a few hours travel trip (see also Section 5.3), the 50 kilometre range strongly adheres to the 
level o f the functional economic region o f the city district, generally conceived as an 
appropriate level at which regional innovation systems manifest themselves (Doloreux and 
Parto, 2005).
- Fifthly, at present, location cannot be coupled directly to the results o f the Community 
Innovation Survey93. Since, on the basis Community Innovation Survey, a distinction in 
terms o f location o f responding companies cannot (yet) be made, it is not possible to 
empirically assess the contingent role o f the regional setting on the spatial industrial 
organization o f innovation. Although highly relevant, business location has not been 
included in the analyses in this chapter94.
- Finally, as argued earlier, the assessment o f the economic outcome o f the innovation 
process, in terms o f market position gains, is based on self-classification o f responding firm 
managers, rather than that objective data on economic performance are used.
With the above caveats in mind, conclusions on the hypotheses in Section 6.1 are summarized 
below.
1. Transaction costs in innovative network linkages are positively connected to the distance between the 
partners involved
Transaction costs and distance between partners in cooperative agreements are positively 
connected, as can clearly be seen from the analytical results reported in Section 6.3. In 
general, a positive relation exists between transaction costs, as measured by the share o f 
innovating companies experiencing difficulties in the management o f partnerships, and 
distance. Distance can be interpreted both by the distinction between domestic partners 
and partners located abroad and, in geometrical terms, by the distinction between 
domestic partners located in the regional environment o f (within a circle o f 50 kilometres
93 However, a recently conducted feasibility study by Statistics Netherlands (De Jong and Sluiter, 2009) 
provides promising results to arrive at a dataset that does provide opportunities to distinguish location, 
and regionally embedded clusters, in the survey results.
94 An example that does take business location into account is given by Lee (2009), who reveals positive 
interaction effects between cluster membership and R& D  collaboration with the level o f R& D  intensity 
as dependent variable. The analyses also shed empirical light on Cohen and Leventhal’s (1990) concept o f 
absorptive capacity within a cluster environment, since being located in a cluster per se does not exert a 
significant impact on R& D  intensity. Furthermore Audretsch and Feldman (1996b) connect the 
concentration o f innovative firms to the stage in the product life cycle. Results point to a tendency o f 
innovative activities to cluster in the introduction phase o f the life cycle, whereas innovation tends to be 
more dispersed during the maturity and decline phases.
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from) the innovating company. As shown in the analyses in Section 6.2, o f all firms 
innovating in cross-border partnership, 11 percent experiences difficulties in the 
management o f partnerships, which is significantly higher than the same figure for all 
firms innovating in partnership. Here, only 7 percent experiences difficulties in the 
management o f partnerships. This finding is in line with Barkema et al.’s (1997) 
conclusion that coordination costs are likely to rise with cultural differences. The findings 
are only partly in line with Lhuillery and Pfister (2009). In their analyses, the positive 
connection between cross-border partnership and difficulties in the management of 
partnerships is only confirmed for competitors and research institutions as foreign 
partners in innovation trajectories. Although to a lesser degree, the same connection 
between transaction costs and distance is shown for distance as measured by the 
distinction between domestic partners located within a range o f 50 kilometres from the 
innovating firm and domestic partners located outside that range. O f all firms innovating 
with domestic partners located within a range o f 50 kilometres, 5 percent experiences 
difficulties in the management o f partnerships, whereas for firms innovating in 
cooperation with partners outside the regional environment, this figure amounts to 7 
percent. This finding can be seen as a confirmation o f the transaction cost arguments as 
used in territorial innovation models (Scott and Storper, 1987; Storper, 1995).
Compared to cross-border partnerships, in partnerships with domestic partners less 
difficulties in the management o f partnerships are experienced. However, when 
difficulties do occur in domestic partnerships, as reported in Section 6.4, the effect on the 
outcome o f the innovation process in terms o f market position is negative. Hence, on the 
basis o f the impact o f difficulties in partnership on the results o f innovation processes in 
terms o f gains in competitive position, especially in regional and national innovation 
networks, transaction costs are o f relevance. Given the theoretical expectation that 
difficulties are easier manageable in regionally embedded innovation networks (Scott and 
Storper, 1987) this is a somewhat surprising result. In regional and national innovation 
networks, difficulties in partnership exert a negative influence on results o f the 
innovation process. A  possible explanation might lie in reputation effects in regionally 
embedded networks through negative feedback loops in local buzz processes (Bathelt et 
al., 2004). On the basis o f the analyses reported, this possibility could, however, not be 
tested.
2. Compared to more stable environments, transaction costs in innovative network linkages are relatively 
high in environments characterized by a  high level of uncertainty.
Companies engaging in more radical forms o f innovation experience more difficulties in 
partnership than other firms innovating in partnership. This relation applies to firms 
engaged in innovation new to the sector, as opposed to firms engaged in innovations new 
to the firm, firms active in high-technology sectors, as opposed to firms active in other 
sectors and firms engaged in both product and processes innovation simultaneously, as 
opposed to firms active in product or process innovations. For products new to the
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market, more than 10 percent o f all companies innovating in partnership experiences 
difficulties in partnership management. In this light, the extent to which innovations can 
be designated as radical, and uncertainty in the business environment, are two sides o f the 
same coin. Especially in uncertain environments transaction costs are high, because o f 
the inadequacy o f strategies based on formal inflexible arrangements under circumstances 
which cannot be predicted in advance (Langlois and Robertson, 1995; Nooteboom,
2000). The results shown in Table 6.3 underline the association o f agglomerative forces 
with uncertain, rapidly changing technological environments through transaction cost 
economics considerations (Scott and Storper, 1987). The analyses show that the 
connection between the scope o f network linkages and difficulties in the management of 
partnerships is especially strong for innovative firms active in high-technology sectors. 
For firms active in high-technology sectors and predominantly engaged in collaborative 
innovation processes with partners within the regional environment, the share o f firms 
experiencing difficulties in the management o f innovative partnership links is relatively 
low at 4 percent. This contrasts sharply with the same figure for high-technology firms 
predominantly innovating with partners outside the regional environment. For instance, 
for high-technology firms engaged in cross-border partnerships, the share o f firms 
experiencing partnership difficulties amounts to 12 percent. However, despite the 
strongly discriminating role o f partnership difficulties within the scope o f network 
relations for high-technology firms, it should be kept in mind that high-technology firms, 
contrary to expectations drawn from transaction costs considerations, innovate to a 
relatively high extent, predominantly with foreign partners outside the regional 
environment. These, at first sight contrasting, patterns will be addressed further this 
section in the context o f the fourth hypothesis, focusing on spatial search strategies to 
gain access to scarcely available complementary competences in explorative learning 
processes.
3. In relation to partnership linkages in innovation trajectories, small- and medium-sized firm s engage 
relatively often in partnerships at limited spatial distance, whereas large firm s engage relatively often in 
partnerships at wider levels.
On the basis of the analyses reported in Section 6.2, it can be concluded that a small 
firms engage relatively often in partnerships within the scope o f the regional 
environment. A  slight majority o f small firms with less than 50 persons employed, 
innovates predominantly with partners within a scope o f 50 kilometres from the 
company. For medium-sized and large companies, the share o f firms which 
predominantly innovates with network partners within the regional environment amounts 
to 36 and 29 percent respectively. This finding corresponds with Knight (2001), who 
states that small companies are strongly focused on the local and regional production 
environment, since these companies generally lack resources to invest time and money to 
bridge the difficulties associated with partnership management at wide distances. Indeed, 
as is shown in the analyses in Section 6.3, the connection between distance and 
transaction costs is especially strong for small companies with less than 50 persons
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employed. O f all small firms innovating predominantly in partnership within the scope o f 
the regional environment, 5 percent experiences difficulties, whereas for small firms 
engaging in cross-border partnership in innovation trajectories, this figures is more than 
2.5 times as high. For medium-sized and large companies the connection between 
distance and transaction costs is considerably weaker.
4. Innovative firm s implementing explorative innovation strategies, collaborate at wider distance than firm s 
engaged in exploitative innovation strategies.
Firms that focus on R&D as core business, firms active in high-technology fields and 
firms engaged in radical innovations new to the sector, share the common feature that 
innovation processes are more strongly focused on exploration, than learning processes 
in other innovative companies. From the analyses in Section 6.3 it follows that the status 
o f an R&D-company is positively connected to the spatial scope o f partnership linkages 
in innovation processes. For instance, o f all firms engaging in cross-border partnership in 
their innovation trajectories, 35 percent can be classified as R&D-company, a figure that 
is significantly higher than the same figure for the total population o f firms engaging in 
collaborative innovation processes. Here, the share o f R&D-companies in the total firm 
population amounts to a mere 24 percent. The same conclusion applies to innovating 
firms active in high-technology fields and firms engaging in radical innovation processes. 
In Section 6.2 the conclusion is drawn that high-technology firms and firms engaging in 
innovation and firms engaging in both product and process innovations, operate at 
significantly wider scope in collaborative innovation trajectories than other firms 
innovating in partnership. A positive relation exists between the novelty o f an innovation 
and the spatial scope o f partnership in which the innovation has evolved. O f all firms 
engaged in cooperative product innovation new to the market, 38 percent innovates in 
partnership with partners abroad. For firms engaged in cooperative product innovations 
already introduced to the market (new to the firm), this percentage amounts to a mere 19 
percent. These results confirm Sidhu’s et al. (2007) observation on spatial search in the 
context o f the exploration-exploitation dichotomy, in which geographical search is seen 
as an important element o f explorative learning strategies. Firms that undertake a larger 
geographic search should have access to a more varied set o f  knowledge elements for 
recombination, because they can connect to multiple regional knowledge networks and 
gain information not available locally (Sidhu et al., 2007, p. 23). In a similar vein, the 
results are in line with Ahuja and Katila’s (2004) conclusion, that firms which are able to 
cross geographic boundaries have access to a wide set o f variegated technological 
trajectories and Owen-Smith and Powell’s (2004) concept o f global pipelines that open 
multiple selection environments as potential building blocks for competitive advantage. 
Although in general firms engaged in explorative learning strategies innovate to a high 
degree in collaboration with international partners, from the model estimates in Section
6.4 it follows that, only in interaction with regional network embeddedness, the status o f 
R&D-company impacts positively on the innovative firm’s competitive position. In 
interaction with national and international network embeddedness, the status o f R&D-
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company does not have a statistically significant effect on the outcome o f the innovation 
processes o f firms engaged in collaborative innovation trajectories. Hence, in the 
situation where scarcely available competences are available around the corner, 
companies located in such an environment derive competitive advantage from the 
regional production environment. This finding is in line with Gertler’s (1995, p. 12) 
remark that, although firms in search o f access to complementary competences indicate 
they would ‘go anywhere’ to obtain this access, the question arising from this strategy, 
because o f the increasing chance o f experiencing difficulties due to the influence of 
distance, is at what cost such a strategy is pursued.
At first sight, the outcomes on the second and fourth hypotheses might seem contradictory 
with each other. From a transaction cost perspective, for firms engaged in explorative learning 
processes, regional network embeddedness appears to be important because o f the uncertainty 
associated with high-technology fields and radical innovation processes. Explorative learning 
phases are typical examples o f environments in which uncertainty prevails. However, firms that 
focus on R&D as core business, firms active in high-technology fields and firms engaged in 
radical innovations new to the sector, innovate to large extent in cross-border partnership with 
partners outside the regional environment. Although the spatially structuring effects o f 
transaction costs arguments have been empirically validated, transaction cost considerations 
are not the only mechanism at work and are complemented by spatially discriminating 
considerations which can be framed within competence based perspectives. From a 
competence based perspective, firms active in explorative learning strategies need to have 
access to a wide set o f variegated technological trajectories. For high-technology industries and 
radical innovation, competence based considerations, as put forward in this section, weigh 
heavily on the resulting spatial organization o f these innovative activities, which is 
characterized by a relatively high dependence on global pipelines as connections to multiple 
selection environments. For small-sized companies, transaction cost considerations seem to be 
more important for resulting patterns in spatial industrial organization. Small sized companies 
engage relatively often in innovation processes in collaboration with partners within the 
regional environment. Hence, at a second sight, these findings do not come as a surprise. Both 
regional and extra-regional partnerships are considered to contribute positively to the 
innovation process (Simmie, 2003; Todtling et al., 2009). Geographical distance may limit 
knowledge spillovers, so that cooperation is necessary to obtain complementary competences. 
In this sense, organizational and geographical proximity can be conceived as communicating 
vessels (Almeida, 1996). In the situation in which technological advances by foreign firms are 
greater than those o f domestic (or nearby) firms, technological cooperation at wide distances is 
both necessary and o f more value (Miotti and Sachwald, 2003).
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7 Conclusions and policy implications
7.1 In trod u ction
This study focuses on spatial dimensions o f innovation. Departing from the ‘new regionalism 
literature’ in Section 1.1, the theoretical school o f territorial innovation models (Moulaert and 
Sekia, 2003) is critically evaluated in Section 2.3. Here, it is concluded that, on the basis o f case 
study research within the territorial innovation models schools o f research, valuable insights 
have been built on the character o f spatial knowledge spillovers and the specific impact o f the 
wider social, cultural and institutional environment. However, whereas territorial innovation 
models predominantly build on knowledge on particular localities from a bottom-up approach 
(Crevoisier, 1999), policy increasingly needs a broader reflection, based on generalization. More 
generically designed, homogenizing approaches are especially o f relevance since evidence- 
based policy intervention has become the norm in modern industrialized economies (McCann,
2007). In this context, the research aim is framed in a homogenizing perspective. The goal o f 
the research is to improve insight in spatial dimensions in innovation processes on a broader 
basis than just case descriptions o f best practices in successful examples o f regional growth 
wonders as input for policy initiative.
In this study, the research ambition has been carried out along two lines o f research. The first 
line of research assesses territorial innovation model arguments on the connection between 
regionally embedded collective innovative capabilities and regional competitive advantage, 
employing an aggregated level o f analysis. Here, theoretical arguments are empirically assessed 
on the basis o f the Eurostat NEW CRO N O S database on European regions. The conclusions 
are summarized in Section 7.2. The second line o f research assesses spatial dimensions in 
innovation processes at the micro level o f the innovating firm, on the basis o f theoretical 
advances in industrial organization, which provide complementary insights to the arguments 
stated in territorial innovation models. These arguments are empirically evaluated on the basis 
o f the second Community Innovation Survey, conducted by Statistics Netherlands. The 
conclusions are summarized in Section 7.3. Finally, in Section 7.4, the conclusions are framed 
in a policy context with special reference to regional innovation policies in Europe and the 
Netherlands.
7.2 T errito ria l inn ovation  an d  lo ca lized  k n ow led ge sp illovers
In Chapter 2, the conclusion is drawn that research within territorial innovation models, 
predominantly framed within particularizing research traditions, insightfully addresses the 
essence o f regional network building in a concrete context. Departing from specific localities,
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determinants o f collective learning processes, seen as a key determinant o f regional competitive 
advantage, are addressed in specific social, cultural and institutional contexts. In the past 
decennia, territorial innovation models have received enormous attention, both as endogenous 
growth models for regional development and as practical guidelines for policy intervention. 
However, at the heart o f the debate on regional development and innovation studies, the ‘new 
regionalism’ literature is also subject to critical evaluative remarks. In Section 2.3 it is argued 
that territorial innovation models can benefit from approaches that provide more emphasis on 
generalization in the accumulation o f scientific knowledge. Most territorial innovation models 
place economic interaction in a unique historical and spatial context which hinders 
generalization. Here, the strongly empirically oriented geography o f innovation literature 
(Audretsch, 1998; Feldman, 1999), built on both agglomeration theory and more structuralist 
contributions within territorial innovation models, is o f particular relevance, since studies are 
built on broadly defined populations on the basis o f which, from a top-down approach, the 
existence o f regional knowledge spillovers is tested. In both territorial innovation models and 
the geography o f innovation literature, knowledge is regarded as a local good, to be retained by 
co-located economic agents, which share collective learning processes, to the exclusion of 
distant ones. Hence, from a homogenizing perspective, the existence o f regional knowledge 
spillovers can be seen as a first necessary precondition for the general validity o f territorial 
innovation model arguments.
Box 7.1 Hypotheses concerning spatial dimensions o f innovation at regional level
Hypothesis 1.1
The knowledge economy manifests itself spatially through regional specialization in knowledge 
intensive activities
Hypothesis 1.2
Specialization in knowledge intensive activities is positively associated with urban density
Hypothesis 1.3
Specialization in knowledge intensive activities is positively connected to regional competitive 
advantage
Hypothesis 1.4
Knowledge externalities, in terms o f  regional spillovers, impact positively on regional competitive 
advantage
Hypothesis 1.5
Less-favoured regions, characterized by low levels in R& D  expenditure, do not catch up with 
their regional counterparts showing higher levels o f R& D  intensity
The literature o f localized knowledge spillovers takes a prominent position in the interface o f 
territorial innovation models and the more mainstream economic literature on agglomeration 
economies. Past research endeavours within the regional knowledge production function
218
framework are typically based on a transformation o f R&D as input indicator o f innovation 
into patent(s) (applications) as the outcome o f the innovation process. However, as set out in 
Section 4.3, patents are, however, an indication o f invention rather than innovation. Moreover, 
the knowledge economy comprises more determinants than technological development alone. 
Therefore, in Chapter 5 an analysis is conducted based on a broader definition o f input and 
output factors in the knowledge economy. Apart from technological development, human 
capital is included as an additional input in the regional knowledge production function. As 
output indicator, labour productivity is taken as measure for sustained regional competitive 
advantage. The hypotheses in which the analyses at the aggregate level o f the region are 
framed, are summarized in Box 7.1. Jointly, the hypotheses address the research question on 
spatial dimensions o f innovation at regional aggregate level.
As shown in Section 5.6, the distribution o f knowledge economy assets shows clear signs o f 
spatial concentration over European regions (Hypothesis 1.1). This conclusion applies to both 
technological development, related to R&D, patenting activity and employment in high­
technology sectors, and knowledge intensive applications, strongly related to educational 
attainment. The knowledge economy components o f development and application are 
concentrated in densely populated areas (Hypothesis 1.2), thereby confirming the positive 
connection between knowledge intensity o f production and urban density as set out in 
agglomeration theory. At the regional level o f NUTS-2, both technological development and 
factors such as educational attainment, that is especially relevant in the application o f 
knowledge, impact positively on regional economic performance in terms o f labour 
productivity (Hypothesis 1.3). With both labour productivity level and growth as dependent 
variables the analyses in Chapter 5 show strong indications o f spatial autocorrelation, which 
may be interpreted as an indication o f the existence o f regional knowledge spillovers between 
neighbouring regions (Hypothesis 1.4). As mentioned earlier, regional knowledge spillovers can 
be seen as a first precondition for the general validity o f theoretical arguments in territorial 
innovation models. On the basis o f the data at our disposal, no indication can be found that 
less-favoured regions in the knowledge economy would not have potential to catch up with 
their more advantageous counterparts (Hypothesis 1.5). Regions classified as knowledge 
extensive peripheries do not lag behind regions classified as knowledge economy hot spots.
The added value o f the research presented in Chapter 5 is that the existence o f knowledge 
spillovers has been demonstrated within the context o f a regional knowledge production 
function framework, which focuses on a broader conceptualization o f the knowledge economy 
that goes beyond the standard operationalization in terms o f R&D and patents (Botazzi and 
Peri, 2003; Greunz, 2003, 2005; Moreno et al., 2005). In this context, the existence o f spillovers 
confirms the analyses undertaken by Ezcurra et al. (2008), who conclude that the degree o f 
efficiency in neighbouring regions explains an important portion o f efficiency differences 
across European regions. However, there is still room for further improvements. Particularly, 
inclusion o f network proximity and the impact o f national borders, as barriers hindering 
spillovers, offers potential to gain further insights. As argued in Section 5.6, an appealing
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possibility for further research includes the integration o f a variety o f weight matrices within a 
structural equation modelling framework (Folmer and Oud, 2008). Considering the finding 
that innovation increasingly takes place within global innovation networks, connecting 
innovation hubs offering an internationally competitive business climate for state-of-the-art 
knowledge intensive activities, the idea to construct spatial contiguity matrices which consist o f 
regions with comparable attributes could offer additional potential.
O f central importance is the fact that in the regional knowledge production function 
framework, knowledge spillovers are not measured directly. Regional knowledge spillovers, in 
fact, are assumed to exist, given a spatial lag structure in the data. Furthermore, research on the 
basis o f the regional knowledge production framework does not address the character o f 
knowledge spillovers and assumes regional knowledge spillovers to be invariant across 
geographical space. Since in territorial innovation models, both aspects o f interaction and 
contingencies in regional receptivity are considered to be o f crucial importance for sustained 
regional competitive advantage, these issues undoubtedly will continue to occupy an important 
position on the economic geography and spatial economics research agenda.
7.3 T errito ria l inn ovation  an d  sp a t ia l  in d u str ia l o rgan ization
In the evaluation o f territorial innovation models, reported in Section 2.3, it is concluded that 
determinants at the level o f the individual entrepreneur or company are undervalued, 
compared to social, institutional and cultural mediating factors in economic interaction. To 
open the black box o f the innovation process, research needs to address the underlying 
processes o f innovation at the level o f individual and corporate agents and their interactions 
(Lundvall and Borras, 2005). In this light, the increasing focus o f research practices on the 
micro-level o f the individual (innovating) company can be seen as a promising development in 
the field o f innovation studies. However, research outcomes on the basis o f generically 
designed, quantitative surveys o f individual firms vary widely with respect to the role o f the 
regional environment as a generic catalyst o f the competitive advantage o f innovative firms 
(Section 4.4). These findings contrast sharply with the convincing theoretical arguments o f 
territorial innovation models, in which the regional environment is central to firms’ innovative 
capabilities and competitive strength. For this reason, a theoretical study is performed to arrive 
at a complementary theory at the level o f the individual firm, which might overcome the 
contrast between theoretical arguments at the aggregate regional level and mixed research 
findings o f the role o f the regional environment at the level o f the individual firm.
In Chapter 3 such an attempt is made, to arrive at what might be conceived as a theory o f 
spatial industrial organization. On the basis o f a spatial interpretation o f both transaction cost 
theory and the capabilities- or competence-based approach, a theoretical framework is 
developed that explicitly takes spatial dimensions o f innovation in account. This spatial
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interpretation o f advances in industrial organization is empirically assessed on the basis o f the 
second Community Innovation Survey (Statistics Netherlands, 2000).
The spatial industrial organization o f innovation is claimed to rest on two spatially structuring 
pillars. The first claim is that (dynamic) transaction costs relate positively with geographical 
(geometrical and institutional) distance. This claim is based on research performed by the 
California school o f external economies (Scott and Storper, 1987), which states that in 
vertically disintegrated production complexes transactional relations often have geographically- 
dependent cost structures. Especially in high-technology industries, exchange relations are 
highly unstandardized and uncertainty requires intensive search and renegotiation. Under 
continually changing circumstances, transaction costs weigh heavily on the costs o f production. 
The connection between distance and transaction costs especially applies to small and 
medium-sized firms, since these companies generally lack resources to invest time and money 
to bridge the difficulties associated with partnership management at wide distances (Knight,
2001). In this context, the likelihood that producers, engaged in mutual transactional 
engagements, will agglomerate in order to reduce transaction costs is high. Although evaluative 
comments on transaction cost theory are critical on the static nature o f transaction costs 
considerations, modern integrative approaches within industrial organization apply a more 
dynamic interpretation o f transaction costs, in line with the California school arguments. Here, 
transaction costs are not solely perceived as the costs o f contact, contract and control 
stemming from the risk to encounter opportunistic behaviour o f external parties in the context 
of uncertainty. Instead, dynamic transaction costs have a broader interpretation within the 
context o f productive learning capabilities, in which central importance is attached to the 
ability to bridge the cognitive distance between (potential) network partners (Nooteboom, 
2000).
The second claim in the spatial industrial organization o f innovation builds on March’s (1991) 
distinction between exploration and exploitation in Nooteboom ’s (2000) cycle o f discovery. It 
is argued that high-technology industries, radical forms o f innovation and firms which 
explicitly focus on R&D as core business, place a relatively high emphasis on explorative 
search strategies in the innovation process. Since explorative learning trajectories demand a 
high diversity o f knowledge inputs, it is unlikely that firms engaged in collaborative explorative 
learning processes find all potentially relevant divergent complementary competences within 
the boundary of the regional environment. This argument especially holds since in the 
discovery and sensing phases o f innovation, routines and competences between firms in a 
particular industry tend to converge over time within regions, rather than between regions due 
to local processes o f imitation and selective adoption (Boschma, 2004). Due to a differentiated 
technological landscape across space, firms that are successfully able to cross geographic 
boundaries have access to these variegated technological trajectories. In this context, Owen­
Smith and Powell (2004) introduce the concept o f global pipelines, which are associated with 
multiple selection environments that open divergent information sources as potential building 
blocks for competitive advantage. In Solvell and Bresman’s (1997) hour-glass model, distant
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network links are associated with radical forms o f innovation, whereas incremental forms o f 
innovation are linked to more proximate linkages.
At first sight, the two spatially discriminating claims in industrial organization may seem 
contradictory. The first claim, based on a spatial interpretation o f dynamic transaction cost 
economics, connects uncertainty, associated with explorative learning trajectories, with spatial 
proximity o f network linkages. The second claim, based on a spatial interpretation o f the 
competence-based approach, associates exploration with wider (international) linkages. At a 
second sight, these findings do not come as a surprise. Both regional and extra-regional 
partnerships are considered to contribute positively to the innovation process. Geographical 
distance may limit knowledge spillovers so that cooperation is necessary to obtain 
complementary competences. In this sense, organizational and geographical proximity can be 
conceived as communicating vessels (Almeida, 1996). In the situation in which the 
technological advances by foreign firms are greater than those o f domestic (or nearby) firms, 
technological cooperation at wide distances is both necessary and o f more value. Apart from 
the expectation that there is more to gain, (cross-border) cooperation at wide distances is also 
risky, in the sense that the transaction costs associated with such cooperative patterns could 
lead to difficulties in the management o f partnership, which may even force firms to delay or 
cancel the innovation project.
Box 7.2 Hypotheses concerning spatial dimensions o f innovation at the micro level o f the 
individual firm innovating in partnership
Hypothesis 2.1
Transaction costs in innovative network linkages are positively connected to the distance between 
the partners involved
Hypothesis 2.2
Compared to more stable environments, transaction costs in innovative network linkages are 
relatively high in environments characterized by high level o f  uncertainty
Hypothesis 2.3
In relation to partnership linkages in innovation trajectories, small- and medium-sized firms 
engage relatively often in partnerships at limited spatial distance, whereas large firms engage 
relatively often in partnerships at wider levels
Hypothesis 2.4
Innovative firms implementing explorative innovation strategies, collaborate at wider distance 
than firms engaged in exploitative innovation strategies
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In Chapter 6, the hypotheses derived from a spatial interpretation o f theoretical advances in 
industrial organization are empirically assessed, on the basis o f the Community Innovation 
Survey, held in the Netherlands and encompassing the period ranging from 1996 to 1998. The 
hypotheses are summarized in Box 7.2. Together, the hypotheses address the research question 
on spatial dimensions o f innovation at the micro level o f the individual firm innovating in 
partnership.
Through the measurement o f dynamic transaction costs as difficulties in the management of 
partnership, the California school line o f reasoning is empirically confirmed on the basis o f the 
Community Innovation Survey. Companies which predominantly innovate in partnership with 
partners located within the regional environment experience less difficulties in the management 
o f their partnerships than firms engaged in collaborative innovation processes with partners 
located outside the regional environment. Similarly, companies engaged predominantly in 
cross-border partnerships in their innovation trajectories experience more difficulties in the 
management o f partnerships than companies predominantly engaged in domestic partnerships. 
Hence, proximity serves as a catalyzing factor for innovation, because in proximate 
relationships chances o f difficulties are less than in more distant network links. In this sense, 
transaction costs connect positively with distance (Hypothesis 2.1). Compared to cross-border 
partnerships, in partnerships with domestic partners less difficulties in the management of 
partnerships are experienced. However, when difficulties do occur in domestic partnerships, 
the effect on the outcome o f the innovation process in terms o f market position is negative. 
Given the theoretical expectation that difficulties are easier to manage in regionally embedded 
innovation networks, this is a somewhat surprising result. A possible explanation might lie in 
reputation effects in regionally embedded networks through negative feedback loops in local 
buzz processes. On the basis o f the analyses reported this possibility could, however, not be 
tested.
Companies engaging in more radical forms o f innovation experience more difficulties in 
partnership than other firms innovating in partnership (Hypothesis 2.2). This relation applies 
to firms engaged in innovation new to the sector, as opposed to firms engaged in innovations 
new to the firm, firms active in high-technology sectors, as opposed to firms active in other 
sectors and firms engaged in both product and processes innovation simultaneously, as 
opposed to firms active in product or process innovations. The connection between the scope 
o f network linkages and difficulties in the management o f partnerships is especially strong for 
innovative firms active in high-technology sectors. However, despite this highly geographically 
dependent cost structure, firms active in high-technology fields innovate to a relatively high 
extent with foreign partners outside the regional environment. On the other hand, small firms 
engage relatively often in partnerships within the scope o f the regional environment 
(Hypothesis 2.3). The connection between distance and transaction costs is especially strong 
for small companies with less than 50 persons employed.
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Within the population o f firms engaged in collaborative innovation processes, firms that focus 
on R&D as core business, firms active in high-technology fields and firms engaged in radical 
innovations new to the sector, generally innovate at a wider spatial scope than other innovative 
firms innovating in partnership (hypothesis 2.4). Since the above listed firms share as their 
common feature that innovation processes are more strongly focused on exploration than 
learning processes in other innovative companies, the conclusion is that exploration connects 
positively with the scope o f partnership linkages in innovation networks. This finding connects 
with advances in international business management, which interpret geographic reach as a 
central element in the divergent learning processes in explorative innovation stages (Sidhu et 
al., 2007). Firms that undertake greater geographic search have access to a more varied set o f 
knowledge elements for recombination, because, through global pipelines, they can link in to 
multiple selection environments and gain information not available locally (Ahuja and Katila, 
2004). Moreover, the empirical outcomes are in line with Solvell and Bresman (1997) who 
associate radical forms o f innovation with distant network links, as opposed to incremental 
forms o f innovation, which are associated with geographically proximate linkages. As argued 
in Section 6.4, the status o f R&D-company only exerts a positive impact on a firms market 
position in interaction with regional network embeddedness. In interaction with national and 
international network embeddedness, the status o f R&D-company does not exert a significant 
effect on the outcome o f the innovation processes o f firms engaged in collaborative 
innovation trajectories. Hence, in the situation in which scarcely available competences are 
available around the corner, companies located in such an environment gain competitive 
advantage from the regional production environment. This finding is in line with Gertler’s 
(1995) remark that, although firms in search o f access to complementary competences indicate 
they would ‘go anywhere’ to obtain it, the question arising from this strategy, because o f the 
increasing chance o f experiencing difficulties due to the influence o f distance, is at what cost 
such a strategy is pursued.
In Section 6.5 a number o f caveats are introduced that have to be taken into consideration in 
the interpretation o f the outcomes summarized above. An important remark is that the 
empirical analyses reported in Chapter 6 exclusively focus on network linkages. Other (spatially 
discriminating) channels o f knowledge dissemination are not taken into consideration. 
Additionally, this study is based on the spatial industrial organization o f firms engaged in 
collaborative partnership. Firms that do not engage in partnership in their innovation 
processes, and firms which do not engage in innovation at all, are excluded from the analyses 
reported. This focus neglects the impeding role o f transaction costs to engage in collaborative 
innovation processes. Moreover, transaction costs can act as an obstruction, in the sense that 
companies fail to begin the implementation o f innovation projects from the very start. On the 
contrary, in this study dynamic transaction costs are measured through difficulties in 
partnership in the context o f innovation trajectories that have started already. This raises the 
question whether ex ante transaction costs in terms o f the cost o f contact have been 
sufficiently included in the analyses. Additionally, in the interpretation o f the outcomes, it must 
be kept in mind that in the analyses reported, the regional environment is confined to a 50
224
kilometre range from the responding company. This definition o f the regional environment 
adheres to the level o f the functional economic region o f the city district, generally conceived 
as an appropriate level at which regional innovation systems manifest themselves. It is, 
however, difficult to relate the outcomes o f the analyses at micro-level directly to the existence 
o f regional spillovers in regional competitive advantage, since these spillovers adhere to 
neighbouring regions at the level o f NUTS-2 which, in general, comprise several city regions.
With the above caveats in mind, the added value o f the research summarized in this section 
can be formulated in relation to theoretical and empirical advances in territorial innovation 
models, the geography o f innovation and industrial organization. The added value o f the 
theoretical perspective o f spatial industrial organization in relation to particularizing 
approaches within the school o f territorial innovation models, is that it provides a broader 
perspective on generic spatially structuring mechanisms o f knowledge and innovation. In 
relation to more homogenizing approaches such as, for instance, the geography o f innovation 
school and the literature on localized knowledge spillovers within the regional science tradition, 
the added value o f research is that it addresses spatially discriminating mechanisms in industrial 
organization more specifically than the claim that knowledge spillovers are regionally confined. 
On the question why regional spillovers are regionally confined, territorial innovation models 
bring up the institutional characteristics o f specific localities. In this study a complementary 
perspective is taken in search o f more generic claims that go beyond the particularizing claim 
that the institutional environment matters albeit in different contexts in different ways. 
Important contingencies within the framework o f the spatial industrial organization o f 
innovation concern the character o f the innovation, the phase in the product life cycle, firm 
size and location. The added value o f the theoretical propositions is especially relevant in 
relation to external linkages. As Humphrey and Schmitz (2002) argue, although the cluster 
literature frequently acknowledges the importance o f links with the world outside the cluster, 
the theoretical basis behind these linkages is weak. The spatially discriminating claims 
introduced in this study can be seen as a theory at the micro level o f the firm engaged in 
cooperative innovation processes, that is in line with recent theoretical advances on the 
aggregated level o f the region. O f particular interest here is the buzz-and-pipeline model o f 
cluster competitiveness (Bathelt et al., 2004) which goes beyond the traditional global-local 
dichotomy in territorial innovation models. Here, the competitiveness o f clusters is related to 
both local buzz (information and communication ecology created by face-to-face contacts and 
co-presence o f firms in related activities within the same place or region) and global pipelines 
(deliberately engaged, more structural relationships at wider levels as information channels for 
decisive non-incremental knowledge flows). The advantage o f local buzz is that each piece o f 
information (information on technological possibilities, market opportunities or information 
on reliability o f cluster members) has been tested for relevance and customized to the receiver. 
Hence, the result that companies, which predominantly engage in regional network 
relationships, run into few difficulties with partners does not come as a big surprise. However, 
when difficulties with respect to the management o f partnerships do occur, the effect on 
market position is negative, a finding which might be related to negative feedback loops
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(reputation effect) through the local buzz ecology. The finding that R&D-companies, 
performing activities close to the technological frontier, often engage in cross-border 
partnerships is closely linked to the pipeline perspective, in which pipelines are conceived as 
information channels, providing input for radical forms o f innovation. Although intuitively the 
outcomes o f this study are in line with the buzz-and-pipeline model, we have to emphasize that 
in this study only deliberately engaged partnerships are at the basis o f the analyses. More or less 
spontaneous information exchange in the form o f what Bathelt et al. (2004) term ‘local 
broadcasting’ is not included in the analyses.
In this study, intensive use has been made o f advances in strategic management and 
organization science. Although some references note spatial aspects in industrial organization 
through the connection between disintegration, industrial network approaches and spatial 
concepts such as industrial districts (Robertson et al., 2008), a clear coherent view on spatial 
aspects in these concepts is missing. The theoretical claims in this study can be seen as a first 
attempt to arrive at such a theory. On the basis o f integrative approaches, which combine 
advances in transaction cost economics and competence-based approaches (Powell, 1990; 
Langlois and Robertson, 1995; Nooteboom, 2000), a spatial interpretation o f these approaches 
in industrial organization at the micro level o f the individual innovating firm is given. The 
spatial interpretation o f transaction cost economics is not new and dates from the early 1980s 
when Allen Scott (1983a) published his work that set the standard for the Californian school o f 
external economies. As elaborated in Section 3.4, the basic line o f reasoning still applies when 
using a dynamic interpretation o f transaction costs in learning processes. The spatial 
interpretation o f competence-based approaches introduced in this study accentuates different 
aspects than other interpretations found in the literature at the aggregated level o f networks 
(Foss, 1999), regions (Lawson (1999) and clusters (Lorenzen, 2004), which both focus on 
collective aspects o f competencies and learning trajectories. In this study a complementary 
interpretation is included at the level o f the individual innovating firm, with a central focus on 
the spatial scope o f network linkages in innovation processes. Here, both regional and extra­
regional connections are at the heart o f the analyses.
From an empirical perspective, the added value o f the analyses concerns the empirical 
confirmation o f the connection between distance and transaction costs in collaborative 
innovation processes. Difficulties in the management o f partnerships are generally lower for 
firms primarily engaged in regional partnerships than they are for firms primarily engaged in 
wider spatial networks. In addition to the analysis o f Lhuillery and Pfister (2009), the 
connection between the spatial scope o f network links is not only evaluated in terms o f 
institutional distance (in terms o f the distinction between cross-border partnerships and 
partnerships between domestic firms) but is also empirically assessed in geometrical terms 
through the distinction o f linkages which stay within a circle o f 50 kilometers and linkages o f 
which the spatial scope reaches further than this distance. On the basis o f case study research, 
this relation has been confirmed numerous times (for some classical examples see Aydalot and 
Keeble, 1988; Scott, 1988; Braczyk et al., 1998). With the results in this study empirical proof
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is provided on the basis o f a broader sample o f firms representing the whole population o f 
firms in the Netherlands with 10 employees or more. Furthermore, the character o f global 
pipelines as information channels for state-of-the-art knowledge close to the technological 
frontier is empirically assessed. Additionally, a strong point o f the Community Innovation 
Survey is that the survey explicitly distinguishes between invention and the economically 
relevant concept o f innovation, since companies are explicitly asked about the effect o f 
innovation trajectories on their market position.
The different spatially structuring mechanisms in the industrial organization o f innovation 
could provide a new opening in the dilemma that in quantitatively designed surveys the role o f 
the regional environment is not demonstrated convincingly, in contrast to the convincing 
theoretical arguments in territorial innovation models. As can be concluded on the basis o f the 
literature survey reported in Section 4.4, quantitatively designed studies on the role o f the 
regional environment in innovation processes show mixed results. Apart from methodological 
explanations in terms o f level o f analysis, spatial regimes representing the concept o f urban 
agglomeration or the administrative level on which the analyses are based, one can also suspect 
an explanation relating to the absence o f the above described spatially discriminating 
mechanisms o f spatial industrial organization. The central determinants in spatial industrial 
organization, transaction cost arguments on the one hand and competence-based arguments 
on the other hand, relate to the spatial scope o f innovative network linkages in opposite way. 
Hence, an analysis o f spatial dimensions o f innovation that fails to distinguish both processes, 
could underestimate the relevance o f spatial determinants in the innovation process.
Although on the basis o f the empirical analyses the theoretical viewpoint o f spatial industrial 
organization can be seen as promising theoretical guideline, complementary to the territorial 
innovation models perspective, the perspective still needs further research to move in the 
direction o f a more firmly grounded theory. A promising line o f future research concerns the 
role o f business location, as an important contingency in the spatial industrial organization o f 
innovation. In urban conurbations such as industrial districts or clusters, more regional 
collaborative agreements in innovation trajectories are expected to be found than in peripheral 
environments. This is because, on the one hand, transaction costs in these urban environments 
are relatively low. On the other hand, successful urban agglomerations, based on a position as 
knowledge hubs in globally organized innovation networks, provide the best access to 
complementary technologically state-of-the-art competences not available locally. Hence, 
urban agglomeration is expected to act as an important contingency in the generic spatially 
structuring claims in industrial organization. Since, on the basis Community Innovation Survey, 
a distinction in terms o f location o f responding companies cannot (yet) be made, it is not 
possible to empirically assess the theoretically predicted contingent role o f the regional 
environment. Still, some pointers can be given on the role o f complementarities in spatial 
clustering. As outlined earlier, the status o f R&D-company only exerts a positive impact on a 
firms market position in interaction with regional network embeddedness. Hence, although in 
general R&D-companies have to scan relatively wide scales in their search o f complementary
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state-of-the-art competences, in the situation in which scarcely available competences are 
available around the corner, firms derive competitive advantage out o f the regional 
environment. More research on this topic is needed. A recently conducted feasibility study by 
Statistics Netherlands (De Jong and Sluiter, 2009) provides promising results to arrive at a 
dataset, that provides opportunities to distinguish business location in the survey results. The 
theoretical relevance o f a research framework that distinguishes business location lies in the 
possibilities to integrate indirect effects o f network linkages, which are o f primary importance 
in Bathelt et al.’s (2004) buzz-and-pipeline model o f cluster competitiveness, in the analyses. A 
multilevel framework o f analysis at both the firm and regional level, as suggested by 
Beugelsdijk (2007), has the advantage o f distinguishing between local buzz and global pipelines 
which directly affect the competitive position o f innovative firms on the one hand, and, on the 
other hand, global pipelines which touch on other firms situated in the region and indirectly 
impact on the competitive position o f the innovating firm through interaction with local buzz 
mechanisms. The few examples in the literature that carry out empirical analysis in a multilevel 
setting (see, for instance, Raspe, 2010) provide promising results. However, none o f the 
multilevel analyses carried out so far explicitly address the spatial scope o f network linkages in 
a multilevel setting, in which firm characteristics and characteristics o f the regional 
environment are combined.
7.4 T errito ria l inn ovation  an d  reg io n al inn ovation  p o licy
In the past years, regional dimensions o f innovation have increasingly grabbed the attention o f 
policymakers. In both regional, national and supra-national settings, regional innovation policy 
issues have gained a position high on policy agendas (Mytelka and Smith, 2002), often with a 
strong focus on clusters as structuring arenas in competitive strength (Visser and Atzema,
2008). Indeed, in the Western world (and increasingly in developing countries), regional cluster 
initiatives are innumerable (Martin and Sunley, 2003), national governments actively engage in 
cluster development (Benneworth and Charles, 2001) and both the O EC D  (2007a) and the 
European Commission (2008) actively promote cluster policies aimed at world-class clusters to 
promote and safeguard competitive strength.
In Europe, cluster policies stem from the conviction that regional economic dimensions play a 
driving role in achieving the goals in the agenda set out at the Lisbon European Council for 
Europe to become the most competitive and dynamic knowledge society in the world 
(European Commission, 2001). The formation o f clusters is seen as an important key to the 
successful promotion o f research, technological development and innovation (European 
Commission, 2007, p. 2). According to the Commission (European Commission, 2001, p. 7), 
regional research and innovation activities have a significant influence on the structuring o f 
European research capacity as a whole, in relation to their capacity to generate, absorb and 
integrate technological innovation and transform it into economic growth, for example 
through the organisation and development o f research infrastructure, specialized equipment
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and facilities; linkages with industrial development zones and development and support o f 
centres o f excellence, establishment o f science and technology parks and mobility o f 
researchers. In concrete terms the attention to regional dimensions o f innovation processes is 
translated, at the Community level, through three key support instruments (European 
Commission, 2007): the Structural Funds and Cohesion Fund which finances the Union’s 
regional cohesion policy, the Framework Programme for research and innovation, and the 
Community Innovation Programme which is strongly focussed on the promotion o f world- 
class clusters. Put in a historical perspective (Corvers and Nijkamp, 2003), since its inception in 
1975, Community regional policy was mainly based on equity arguments, with the aim to 
reduce economic disparities between Europe’s regions. Since the Maastricht Treaty in 1993 it 
focuses on promoting regional excellence. In the current program period, from 2007 to 2013, 
member states are required to earmark 60 percent (for the least developed regions) or 75 
percent (for the more advanced regions) o f the resources available for innovation-related 
projects in line with the aims set out in the Lisbon strategy (European Commission, 2007). 
Additionally, since the 1990s much effort has been geared towards interregional and 
transnational policy learning initiatives, through experimental programmes such as regional 
innovation strategies (RIS) and regional innovation and technology transfer strategies (RITTS), 
and through the establishment o f communities o f practice, such as the network o f innovating 
regions in Europe (IRE) and the recently (2009) established European Cluster Policy Group.
In a similar vein, the O EC D  (2007a) emphasizes the popularity o f cluster policy, resulting from 
common assumptions about the value o f agglomeration o f firms and the importance o f linking 
people, skills and knowledge at a regional level. Moreover, localised knowledge spillovers due 
to inter-firm linkages, a versatile labour pool and strong innovation-related infrastructures can 
be a tangible source o f productivity gain for firms and can constitute a pervasive argument 
against relocation or in favour o f investment (O ECD , 2007b).
The shift in regional economic policy from equity to efficiency is also observable at national 
levels (see, for instance, Halkier, 2001; Fothergill, 2005; Ancien; 2005). Bachter and Yuill 
(2006) evaluate these changes in the context o f a broader shift in paradigm in spatial economic 
intervention. Apart from the shift from equity to efficiency, this paradigm encompasses a 
change in scope from specific less favoured regions to nationwide regional growth promotion, 
a change in governance, from top-down to multi-level structures, leaving more room for 
bottom-up initiatives and an altered emphasis in the nature o f policy intervention on intangible 
assets in the business environment (institutional capacity, network linkages, planning 
instruments and regional strategies) at the expense o f more classical forms o f public 
intervention (infrastructure investment and business investment aid schemes).
As Bachtler and Yuill (2006) conclude, like in most Western European countries, in the 
Netherlands this change in paradigm has been explicitly acknowledged (Priemus, 2004), 
especially since publication o f the Peaks in the Delta White Paper (Ministry o f Economic 
Affairs, 2004). The territorial economic policy program Peaks in the Delta is strongly focused
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on clusters which distinguish themselves on international competitive strength, or have a 
realistic potential to achieve that status in the near future. Before framing the research 
outcomes in light o f regional innovation policies, as a reference, in Box 7.3 an overview is 
given o f cluster policies in the Netherlands.
Box 7.3 Cluster policies in the Netherlands
Cluster policies have quite a long tradition in the Netherlands. Ju st after the publication o f 
Michael Porter’s influential publication The Competitive Advantage o f  Nation (Porter, 1990) the 
diamond model was applied on the Dutch economy. The first generation o f cluster policies in the 
Netherlands, that ran roughly from  the early nineties, was aimed at various types o f clusters 
throughout the Dutch national system o f innovation, which were defined on the basis o f  value 
chain approaches complemented by monographic case studies (Roelandt et al., 1999). The first 
generation cluster policy in the Netherlands distinguishes between three basic governmental 
roles. The first role is related to framework conditions and consists o f  competition policy, 
deregulation, structural reform, infrastructural policies and the creation o f a favourable and stable 
macroeconomic climate, all aimed at a smooth and dynamic functioning o f markets. The second 
role is aimed at breaking down systemic imperfection in the national system o f innovation arising 
from  informational and organizational shortcomings. Broker policies help to establish a dialogue 
to identify new market opportunities. Thirdly, government has a role as demanding customer for 
sophisticated products, which has strong implications for public procurement practices. The 
added value o f the cluster approach is, firstly, that policies were based at economic functional 
units o f  the economy (value chains as clusters) instead o f the statistically classified industries. In 
the framework o f cluster policy, policy actions can be differentiated along the needs and 
bottlenecks in specific clusters (Gilsing, 2001). A  second aspect o f  the added value is that 
traditional defensive strategies o f backing losers (declining industries which threatened to collapse 
under international competitive pressures) were replaced by more offensive strategies aimed at 
supporting existing and potential strengths in the economy, through a focus on intensifying 
knowledge use and enhancing interaction between different parties in the cluster (Jacobs and De 
Man, 1996).
A  second generation cluster policy started in the new millennium and is characterized by a strong 
focus o f  policy actions from  both thematic and territorial viewpoints. So, in relation to the first 
generation cluster policies, more specific theoretical approaches like that o f  sectoral innovation 
systems (Malerba, 2002) and regional innovation systems (Cooke et al., 1997) have gained 
importance at the expense o f  the national systems o f  innovation paradigm (Lundvall, 1992). The 
thematic approach within the second generation cluster policy is built on the so-called areas o f 
key interest approach o f which the implementation primarily runs through the instrument o f  the 
Innovation Programmes (Ministry o f Economic Affairs, 2007). The territorial approach can be 
seen as an elaboration o f  the territorial strategic agendas set out in the Peaks in the Delta White 
Paper (Ministry o f Economic Affairs, 2004), in which region-specific innovation policy has been 
appointed as national economic priority. In 2007 the territorial innovation strategy was 
implemented through the subsidy program Peaks in the Deltai. It is important to note that both 
in the thematic and territorial approach focus areas are appointed through a functional
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delineation o f complementary and related activities in a wide range o f  related sectors or territorial 
conurbations. Stated in more popular terms, the territorial clusters and areas o f key interest are 
not locked in behind a bureaucratic fence, in the sense that i f  a firm is not located in a specific 
area or does not employ its principal activity in a specific sector, it is therefore not qualified to 
apply for subsidy or other forms o f  governmental support. Hence, in the strongly focused second 
generation cluster policies, the arguments concerning complementarities o f related activities 
remain in full force.
As the territorial cluster approach is concerned, in the years after publication o f the Peaks in the 
Delta White Paper, a subsidy regulation has been formulated, that specifically addresses territorial 
opportunities and bottlenecks for economic development in six functional economic zones. 
Opportunities and bottlenecks are appointed through regional Programme Committees, 
consisting o f  business leaders, key representatives from  research and education institutes and 
government officials. This process was accomplished on the basis o f economic analyses per 
economic area and on the basis o f a consulting process in the region. Only project proposals 
which specifically address these opportunities and bottlenecks are considered to be eligible for 
subsidy grants through periodical tender procedures. All six territorial programmes rely heavily 
on opportunities and bottlenecks in innovative strength. Especially, strong attention is given on 
the organizing capacity o f  regional clusters beyond the scope o f administrative regions (such as 
the research triangle with Wageningen, Twente and Nijmegen as anchor points in the provinces 
Gelderland and Overijssel in the Eastern part o f the Netherlands or the cross-border network 
Eindhoven, Leuven, Aachen comprising border regions in the Netherlands, Flanders and 
Germany.
Additionally, through investment in physical aspects o f  business climate in top regions with 
outstanding economic performance, out o f  the Structural Economic Development Fund, fed by 
the revenues from  the Dutch gas reserves, both physical and intangible opportunities in business 
climate are seized. Apart from the cluster approach that is central to the Peaks in the Delta 
programme, the government also takes responsibility for the basic quality o f the business and 
investment environment in general (the delta surrounding the peaks). For instance, by 
interdepartmental coordination, international connectivity is high on the policy agenda, for 
instance on the basis o f  the so-called Triple-A concept, comprising the main highways (A2, 
A4 and A12) connecting the core economic areas, including the mainports Rotterdam and 
Schiphol, to neighbouring countries. Another theme concerns the availability and quality o f 
industrial estates, which is taken up in close cooperation with provincial and municipal 
authorities, through multi-level governance strategies. To ensure synergy between the thematic 
approach o f  the Innovation Programmes in areas o f key interest and the ‘peaking’ clusters in the 
territorial approach o f  Peaks in the Delta, operational guidelines have been developed to prevent 
an overlap between both programs. Additionally, regional innovation strategies have been 
formulated for each Innovation Programme to list possibilities for synergies with projects within 
Peaks in the Delta. It is important to remark that targeted policies, whether targeted at regions or 
areas o f key interest, comprise only a portion o f  total public investment in innovation. The bulk 
o f public investment in the area o f innovation is spent on generic policies. For instance, at 
national level the budget o f the R& D  Promotion Act (WBSO — Wet op de Bevordering van 
Speur- en Ontwikkelingswerk) clearly outweighs the financial means o f both the Innovation
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Program m es and the subsidies granted in the Peaks in the D elta  Program m ed
To summarize, second generation cluster policies in the Netherlands are characterized by a strong 
focus on top segments in the Dutch economy. Strong segments are viewed from both a territorial 
and a thematic angle. Furthermore, second generation cluster policies are characterized by a 
differentiated approaches addressing specific opportunities and bottlenecks in different segments 
o f the economy.
i Already in 2006 the pilot phase o f  the Peaks in the Delta programme was launched.
ii In strict terms the W BSO is not a subsidy however. It comprises a tax advantage and therefore, 
is not part o f  the Economic Affairs annual budget.
As elaborated earlier, the focus on territorial clusters in both Europe and the Netherlands is, 
firstly based on a focus on territorial dimensions o f innovation processes and, secondly on the 
focus on strong and high-potential functional economic segments in the economy. The results 
o f this study relate to the first issue, the importance attached to regional dimensions o f 
innovation. The first prerequisite for an effective implementation o f regional innovation policy 
and an efficient spending o f tax revenues, is that regional dimensions o f innovation play a 
structuring role in today's economy. The results o f past studies on regional dimensions o f 
innovation in the Netherlands are not convincing in this respect. In Section 4.4 it is concluded 
that different studies on spatial dimensions o f innovation lead to different research outcomes 
and different conclusions on the relevance o f space in innovation processes. These 
contradictory findings are an indication, according to some, that economic space in the 
Netherlands can be seen as an urban field, whereas others evaluate these differences in rather 
methodological terms. Most studies integrate regional dimensions o f innovation in an analytical 
framework, based on question whether attributes o f the regional environment matter or not in 
competitive strength or economic dynamics. The analyses performed in this study, however, 
focus on the spatial mechanisms that are supposed to underlie the importance theoretically 
attributed to the region. Since these mechanisms relate to space in opposite way, an analysis o f 
spatial dimensions o f innovation that fails to distinguish both processes could underestimate 
the relevance o f spatial determinants in the innovation process.
This study empirically confirms the regional dimension as far as networks o f cooperating 
innovative companies are concerned. Firstly, as summarized in the previous section, the 
regional dimension is related to low transaction costs in collaborative linkages between 
innovative companies. Secondly, spatial clustering o f scarcely available competences close to 
the technological frontier might be an exception to the general pattern, that scarcely available 
complementary competences are not available around the corner. Firms engaged in explorative 
learning strategies that can find complementary competences within the regional environment, 
indeed seem to derive a competitive advantage from their favourable business location. In this 
sense, the results o f this study can be seen as an empirical confirmation o f the strategic
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philosophy behind regional innovation policies, namely that regional dimensions matter in the 
innovation process. However, three important remarks need to be made.
- The first remark relates to the nature o f knowledge spillovers. Both the theoretical 
accounts from the viewpoint o f the spatial industrial organization o f innovation and the 
empirical analyses aim at collaborative partnerships in innovation processes. Other studies 
emphasize the relevance o f regional knowledge spillovers through informal contacts, job 
hopping and spin o ff dynamics. Regional innovation policy does not necessarily have to be 
restricted to partnership linkages between innovative firms.
- The second remark relates to the focus o f public investment, which nowadays is 
increasingly important in regional innovation policies, through the focus on internationally 
competitive (world-class) clusters. The analyses reported in this study within the framework 
o f the spatial industrial organization o f innovation relate to a broadly delineated population 
o f innovating firms engaging in collaborative innovation. Therefore, conclusions drawn on 
the basis o f that population do not necessarily reflect the mechanisms and determinants o f 
the spatial industrial organization in specific clusters targeted by governmental efforts.
- The third remark relates to the limits o f this study. Although the outcomes o f this study are 
in line with the general philosophy behind regional innovation policy, in the sense that 
regional dimensions matter for innovative capabilities and competitive strength, this study 
cannot be seen as scientific foundation o f regional innovation programmes as carried out in 
practice. The importance o f the regional dimension in innovation processes does not 
necessarily imply that all regional innovation policy initiatives are by definition successful. 
Another relevant aspect that has to be integrated in policy evaluations are the opportunities 
and bottlenecks addressed by public involvement in relation to market and system 
imperfections, which have to be evaluated in relation to public governance failures (Klein 
Woolthuis et al., 2005). Additionally, the effectiveness o f and synergies between generic 
measures, thematic and territorial approaches have to be taken into consideration, an issue 
strongly related to the question whether the innovation system under consideration is 
primarily, national, regional or sectoral in nature (Rondé and Hussler, 2005). Whereas 
targeted approaches have the advantage o f a focused investment o f scarcely available public 
means, a strong focus also implies a danger that new and unforeseen opportunities could 
be left out o f public innovation policies (Nooteboom and Stam, 2008). In general, literature 
does not provide a clear-cut solution to this issue, although contributions all emphasize the 
need to differentiate cluster policies, in the sense that policy makers are strongly advised 
not to target the same breakthrough technologies as windows o f opportunity through 
copy-cat innovation strategies (Hospers, 2005; Todtling and Trippl, 2005; Visser and 
Atzema, 2008). A final example o f issues not included in this study is the aspect o f 
governance, dealing with the question on what administrative level opportunities and 
bottlenecks can best be addressed and how to ensure synergy in the activities taken up at 
different scales (Fromhold-Eisebith, 2007).
In summary, this study confirms the philosophy behind regional innovation policy, in the sense 
that regional dimensions matter in collaborative partnerships in innovation trajectories.
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However, the effectiveness and efficiency o f regional innovation policies carried out in practice 
have to be evaluated on a broader basis than can be provided in this study. There are, however, 
a few additional points o f relevance that can be traced by relating the outcomes to policy 
practice. These concern the scale o f knowledge spillovers, arguments behind cohesion policy, 
that relate to the inability o f less favoured regions to catch up with more advanced regions in 
the knowledge economy, the responsibility o f national governments in innovation policy and 
the relevance o f extra-regional and international linkages in innovative networks.
The conclusions drawn on the basis o f the analyses in Chapter 5 show the existence o f regional 
knowledge spillovers in Europe, which cross the administrative level o f NUTS-2, the level on 
which the aggregate analyses are based. In the neo-classical framework, in which market 
failures play an important role in the decision whether or not to rely on government 
intervention, the concept o f subsidiarity plays an important role. In short, subsidiarity refers to 
the scale at which external effects manifest themselves through complex interdependent 
relations among a variety o f actors (Teulings et al., 2003). Considering the existence o f 
significant knowledge spillovers among nearby regions, this implies public responsibility at the 
national level. National involvement in spatial economic policies is necessary in situations in 
which market and system failures manifest themselves, in which opportunities and bottlenecks 
differentiate between regions, and in which the benefits o f policy measures surpass regional 
administrative borders (IBO, 2004). Indeed, as addressed earlier this section, most countries 
take this responsibility actively at the national level, both through generic policies aimed at 
innovative strength, and through specific policies, such as the cluster approach. Since the 
downside o f national governance concerns information shortage on specific local 
circumstances (Nooteboom and Stam, 2008), in most cases multilevel governance structures 
are implemented to ensure successful vertical coordination between (supra)national 
governance and regional governments (Kaiser and Prange, 2004). This is in line with the 
outcome shown in Section 5.4, that both the national and regional environment (the latter in 
terms o f the knowledge type regions knowledge extensive peripheries, surface level regions and 
knowledge intensive hot spots) have a significant impact on both labour productivity level and 
development.
The outcomes o f the analyses on regional economic convergence, reported in Section 5.5, do 
not show the existence o f a low R&D-trap, in the sense that yesterday’s less favoured regions 
in the knowledge economy are facing unbridgeable knowledge gaps with more advanced 
regions. In comparison to their more knowledge intensive counterparts (hot spots and surface 
level regions), knowledge extensive regions have witnessed a strong improvement o f the share 
o f R&D-expenditures in total gross regional product. The finding o f a widening technology 
gap between advanced and less favoured regions is an important element in the European 
Commission’s cohesion strategy through research, technological development and innovation 
(European Commission, 2001). Although the outcomes o f this study contrast with the idea o f 
a knowledge trap, on the basis o f this study it is not possible to trace concrete policy 
recommendations from this observation. On the one hand, catch-up could be related to the
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effects o f cohesion policy, on the other hand, little is known about the attribution o f regional 
convergence to EU  cohesion policy (Gardiner et al., 2005; Bachtler and Wren, 2006; Musyck 
and Reid, 2007). The fact that an R&D-trap cannot be demonstrated over the period from 
1995 to 2005, does not necessarily mean that the contemporary focus in Structural Funds is 
built on quicksand. Public policy investment on tangible and intangible infrastructure are 
especially fruitful if  they are combined with market forces, so that investments become 
embedded in regional economies, and effects go beyond a ‘cathedral in the desert’ outcome 
(Hassink, 1992). It is important to note that the analyses in this study apply to the European 
level, and cannot be linked directly to national policies. In the Netherlands, for instance, 
regional welfare differences are among the lowest o f all advanced industrialized economies 
(O ECD , 2009).
The finding that regional dimensions are important in innovation processes does not imply 
that extra-regional linkages are not important. The theoretical viewpoint o f the spatial 
industrial organization o f innovation (Chapter 3) and the empirical validation o f these 
arguments (Chapter 6) strongly underline, apart from the relevance o f regional dimensions in 
collaborative innovation networks, the importance o f extra-regional and international linkages. 
In general, firms benefit from extra-regional linkages because these provide access to scarcely 
available state-of-the-art competencies close to the technological frontier. However, this access 
could come at considerable cost, given the risks associated with the management o f extra­
regional, and especially international partnership linkages in innovation processes (see also 
Barkema et al., 1997). The message that regional innovation policies have to address extra­
regional connectivity is, however, not a new one. As elaborated earlier, on the basis o f 
empirical research the relevance o f both regional and extra-regional linkages has been 
emphasized (Simmie, 2003; Todtling et al., 2006). Bathelt et al. (2004) address this issue 
through the concept o f global pipelines and state that ‘recent cluster policies are so disposed 
toward local networking that the importance o f external, translocal communication is 
overlooked’. Although a comparative overview o f regional innovation policies is not part o f 
the research in this study, some pointers can be given on the basis o f recent developments in 
the Netherlands concerning the strengthening o f global pipeline linkages. The majority o f the 
granted project proposals in the Peaks in the Delta Programme concern organizing capacity, 
which is considered an important bottleneck for seizing new market opportunities for future 
development (Van den Berg and Braun, 1999). Although in general, extra-regional connectivity 
is not part o f the criteria used to evaluate project proposals, external organizing capacity is 
addressed through cluster policies which aim at cross-border organizing capacity, for instance 
in the research triangle with Eindhoven, Leuven and Aachen as anchor points (Wolff, 2006). 
An attractive aspect o f the Peaks in the Delta programme is also that international partners can 
be part o f the consortium that applies for finance o f project proposals, an opportunity that has 
been seized a couple o f times in the current programme. However, these examples do not 
directly relate to the global pipelines concept, but rather aim to extend local networking 
beyond administrative borders in the Netherlands or across the national border in border 
regions. Here, policies derived from a strategy based on the idea o f ‘glocalization’ might be o f
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interest (Torres, 2002). From the literature, it is clear that both multinational enterprises and 
universities play an important role as gatekeepers in international knowledge hubs, which can 
be defined as clusters that are both externally well connected through global pipelines and 
internally connected through local buzz infrastructure. Through linkages with multinational 
enterprises and universities small and medium-sized companies are indirectly able to profit 
from global pipelines. Both Huijts (2003), in relation to multinational enterprises and more 
specifically the case o f Philips in Southeast Brabant, and Benneworth and Hospers (2007), in 
relation to university spin offs in the Twente region in the Eastern part o f the Netherlands, 
emphasize the role o f science parks and campuses as arenas for open innovation to link local 
buzz to global pipelines. This is an important motive for the Ministry o f Economic Affairs to 
invest in the business climate through campus development linking universities, multinational 
enterprises and small and medium sized companies through the business process o f open 
innovation. Furthermore, the focus in activities o f the Netherlands Foreign Investment Agency 
(NFIA), which aim at attracting foreign investments in the Netherlands, are geared to the 
territorial priorities in the Peaks in the Delta agenda. Additionally, trade delegations, although 
predominantly focused on market opportunities, also want to lay the strategic foundations for 
international R&D-cooperation, to gain access to complementary knowledge areas and 
competencies.
7.5 Su m m ary
The analyses conducted in this study, which focus on spatial dimensions o f innovation 
processes at both regional aggregate levels and the level o f the individual firms engaging in 
collaborative innovation processes, confirm the relevance o f geography in innovation 
processes.
On the basis o f aggregate figures on European regions, spatially confined spillovers have been 
identified in the context o f a knowledge production function which focuses on the 
transformation o f knowledge economy components (development, application and education) 
to sustained competitive advantage in terms o f labour productivity. Apart from the national 
context, different knowledge region types impact significantly on both level and growth o f 
labour productivity. Additionally, the conclusion is reached that there is still hope for less 
favoured regions in the knowledge economy in the sense that the so-called low R&D-trap 
cannot be demonstrated for European regions on the basis o f the data available.
From the micro perspective o f the individual firm spatial interpretations o f theoretical 
advances within industrial organization have been empirically confirmed, on the basis o f the 
Community Innovation Survey, relating to Dutch firms engaged in collaborative innovation 
processes. These dimensions are:
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- A positive relation between the distance between collaborating firms and transaction costs, 
in terms o f difficulties in the management o f partnerships, a relation that is especially o f 
relevance in environments characterized by high degrees o f uncertainty.
- A relatively high importance o f extra-regional and international linkages for explorative 
learning processes, in which firms have to tap from a variety o f  sources which are often not 
readily available within the regional environment.
- A positive interaction effect o f R&D-companies engaging in proximate partnership 
connections on market position. Apparently, when firms, active in explorative search 
strategies, are situated in a regional environment that offers access to complementary 
competences needed to successfully accomplish the innovation process, they derive 
competitive advantage from the regional network environment.
On the basis o f the analyses performed the philosophy behind regional innovation policies is 
confirmed, in the sense that spatial dimensions matter in collaborative partnerships in 
innovation trajectories. Past quantitatively designed research endeavours on regional 
dimensions o f innovation in the Netherlands produce mixed results. Mixed findings could be 
related to the design o f these studies that does not distinguish between transaction costs 
considerations and competence-based considerations. As we have seen, within the framework 
o f spatial industrial organization, these different spatially discriminating determinants o f 
innovation run opposite ways in space. However, the effectiveness and efficiency o f regional 
innovation policies carried out in practice cannot be evaluated on the basis o f this study. Still, 
in relation to regional innovation policy practices in both a national and a European context, 
there are a few relevant points.
- In relation to the national involvement in regional innovation policies the relevance o f 
external organizing capacity has important implications. On the basis o f the concept o f 
subsidiarity, it is argued that the impact o f interregional spillovers through extra-regional 
and cross-border partnerships implies a responsibility at higher-level administrative 
authorities, a responsibility that is taken at both European and national levels, in multilevel 
governance arrangements with decentral administrative units. Although regional innovation 
policy increasingly addresses extra-regional and cross-border aspects in innovation 
networks, it is argued that, apart from the organizing capacity at regional and national 
level, global pipelines need continuous attention.
-  Although the literature places a high emphasis on the limited ability o f less favoured 
regions to catch up in technological terms with their more advanced counterparts, the 
analyses reported in this study do not point to a so-called low R&D-trap as an argument 
underlining the importance o f cohesion policy. Still, on the basis o f this study, no 
conclusions can be drawn on the effectiveness o f such policies. For instance, it could be 
that (weak) signs o f convergence are related to highly effective policy efforts. Furthermore, 
public policy investment on tangible and intangible infrastructure are especially fruitful 
when combined with market forces, so that investments become embedded in regional 
economies and effects go beyond a ‘cathedral in the desert’ outcome.
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Annex 1 Spatial regimes in the Netherlands
Annex to Section 4.4
In Table 4.4 the share o f employees working in innovative firms in total employment is 
reported by national core-periphery zones and by average address density. Here, two sets o f 
regimes are distinguished, each indicating o f urban structures at different spatial scales (Van 
Oort, 2002a). Figure A1.1 focuses on urban density at local level, based on the average address 
density o f the surrounding area o f 500 by 500 grid squares in terms o f the number o f addresses 
per square kilometre (Den Dulk et al., 1992).
Figure A1.1 Average address density, the Netherlands, 2002
Source: T N O , on the basis o f  Statistics Netherlands, Statline
263
The surrounding area is the area within a radius o f one kilometre. Figure A1.2 focuses on core­
periphery patterns at national level. Three national zoning regime shave been distinguishes to 
form the core-periphery taxonomy o f the Netherlands, the Randstad core region, the so-called 
intermediate zone and the periphery. The distinction between core-periphery zones is based on 
a gravity model o f total employment concerning data from 1996 (see Van Oort, 2002a).
Figure A1.2 Core-periphery patterns, the Netherlands, 1996
264
Annex 2 NUTS-2 level regions in Europe
Annex to Section 5.1
The analyses in Chapter 5 are based on the following population o f NUTS-2 level regions in 
Europe (Table A2.1). Regions with population figures less than 250.000 inhabitants are 
excluded from the analyses.
Tabel A2.1 NUTS-2 level regions in Europe with a population over 250.000 inhabitantsi
Code N am e Population
AT11 Burgenland 279
AT12 Niedeiösteneich 1576
AT13 Wien 1639
AT21 Kärnten 560
AT22 Steiermark 1200
AT31 Oberösterreich 1399
AT32 Salzburg 527
AT33 Tirol 695
AT34 V orarlberg 362
BE10 Région de Bruxelles/Brussels Hoofdstedelijk Gewest 1013
BE21 Antwerpen 1683
BE22 Limburg 812
BE23 Oost-Vlaanderen 1385
BE24 Vlaams-Brab ant 1041
BE25 West-Vlaanderen 1140
BE31 Brabant Walion 365
BE32 Hainaut 1288
BE33 Liège 1037
BE34 Luxembourg 257
BE35 Namur 457
CZ01 Praha 1176
CZ02 Stredni Cechy 1151
CZ03 Jihozapad 1177
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Code N am e Population
CZ04 Severozapad 1127
CZ05 Severovychod 1482
CZ06 Jihovychod 1641
CZ07 Stredni Morava 1228
CZ08 Moravskoslezsko 1254
DE11 Stuttgart 4005
DE12 Karlsruhe 2730
DE13 Freiburg 2188
DE14 Tübingen 1803
DE21 Oberbayern 4225
DE22 Niederbayern 1197
DE23 Oberpfalz 1090
DE24 Oberfranken 1104
DE25 Mittelfranken 1711
DE26 Unterfranken 1343
DE27 Schwaben 1788
DE30 Berlin 3392
DE41 Brandenburg - Nordost 1162
DE42 Brandenburg - Südwest 1402
DE50 Bremen 663
DE60 Hamburg 1739
DE71 Darmstadt 3777
DE72 Gießen 1063
DE73 Kassel 1256
DE80 Mecklenburg-V orpommern 1713
DE91 Braunschweig 1655
DE92 Hannover 2165
DE93 Lüneburg 1704
DE94 Weser-Ems 2474
DEA1 Düsseldorf 5232
DEA2 Köln 4371
DEA3 Münster 2624
DEA4 Detmold 2071
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Code N am e Population
DEA5 Arnsberg 3769
DEB1 Koblenz 1525
DEB2 Trier 514
DEB3 Rheinhessen-Pfalz 2022
DEC0 Saarland 1053
DED1 Chemnitz 1545
DED2 Dresden 1665
DED3 Leipzig 1075
DEE0 Sachsen-Anhalt 2482
DEF0 Schleswig-Holstein 2831
DEG0 Thüringen 2345
DK00 Danmark 5419
ES11 Galicia 2715
ES12 Principado de Asturias 1059
ES13 Cantabria 554
ES21 País Vasco 2108
ES22 Comunidad Foral de Navarra 584
ES23 La Rioj a 298
ES24 Aragón 1251
ES30 Comunidad de Madrid 5880
ES41 Castilla y León 2473
ES42 Castilla-La Mancha 1875
ES43 Extremadura 1070
ES51 Cataluña 6860
ES52 Comunidad V alenciana 4580
ES53 Illes Balears 972
ES61 Andalucía 7732
ES62 Región de Murcia 1318
ES70 Canarias 1931
FI13 Itä-Suomi 666
FI18 Etelä-Suomi 2588
FI19 Länsi-Suomi 1332
FI1A Pohjois-Suomi 633
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Code N am e Population
FR10 Ile de France 11445
FR21 Champagne-Ardenne 1338
FR22 Picardie 1883
FR23 Haute-N ormandie 1808
FR24 Centre 2501
FR25 B asse-N ormandie 1447
FR26 Bourgogne 1623
FR30 Nord - Pas-de-Calais 4038
FR41 Lorraine 2337
FR42 Alsace 1812
FR43 F ranche-Comté 1144
FR51 Pays de la Loire 3413
FR52 Bretagne 3072
FR53 P oitou-Charentes 1709
FR61 Aquitaine 3090
FR62 Midi-Pyrénées 2745
FR63 Limousin 725
FR71 Rhône-Alpes 5982
FR72 Auvergne 1332
FR81 Languedoc-Roussillon 2508
FR82 Provence-Alpes-Côte d'Azur 4766
FR83 Corse 278
GR11 Anatoliki Makedonia, Thraki 608
GR12 Kentriki Makedonia 1915
GR13 Dytiki Makedonia 294
GR14 Thessalia 737
GR21 Ipeiros 343
GR23 Dytiki Ellada 733
GR24 Sterea Ellada 558
GR25 Peloponnisos 597
GR30 Attiki 3988
GR42 Notio Aigaio 304
GR43 Kriti 602
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Code N am e Population
HU10 Kozep-Magyarorszag 2848
HU21 Kozep-Dunantul 1110
HU22 N yugat-Dunantul 1000
HU23 Del-Dunantul 974
HU31 Eszak-Magyaioiszag 1266
HU32 Eszak-Alfold 1537
HU33 Del-Alfold 1351
IE01 Border, Midland and Western Ireland 1112
IE02 Southern and Eastern Ireland 3047
ITC1 Piemonte 4336
ITC3 Liguria 1601
ITC4 Lombardia 9434
ITD1 Provincia Autonoma Bolzano/Bozen 480
ITD2 Provincia Autonoma Trento 500
ITD3 Veneto 4719
ITD4 Friuli-Venezia Giulia 1206
ITD5 Emilia-Romagna 4169
ITE1 Toscana 3609
ITE2 Umbria 863
ITE3 Marche 1524
ITE4 Lazio 5287
ITF1 Abruzzo 1302
ITF2 Molise 321
ITF3 Campania 5790
ITF4 Puglia 4070
ITF5 Basilicata 595
ITF6 Calabria 2007
ITG1 Sicilia 5015
ITG2 Sardegna 1653
LU00 Luxembourg (Grand-Duché) 465
NL11 Groningen 575
NL12 Friesland 643
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Code N am e Population
NL13 Drenthe 484
NL21 Overijssel 1111
NL22 Gelderland 1974
NL23 Flevoland 368
NL31 Utrecht 1176
NL32 Noord-Holland 2603
NL33 Zuid-Holland 3459
NL34 Zeeland 380
NL41 Noord-Brabant 2414
NL42 Limburg 1134
PL11 Lodzkie 2583
PL12 Mazowieckie 5152
PL21 Malopolskie 3263
PL22 Slaskie 4693
PL31 Lubelskie 2182
PL32 Podkarpackie 2098
PL33 Swietokrzyskie 1287
PL34 Podlaskie 1201
PL41 Wielkopolskie 3369
PL42 Zachodniopomorskie 1695
PL43 Lubuskie 1009
PL51 Dolnoslaskie 2891
PL52 Opolskie 1049
PL61 Kuj awsko-P omorskie 2068
PL62 Warminsko-Mazurskie 1429
PL63 Pomorskie 2197
PT11 Norte 3733
PT15 Algarve 414
PT16 Centro 2380
PT17 Lisboa 2770
PT18 Alentejo 767
SE01 Stockholm 1881
SE02 Östra MeHansverige 1516
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Code N am e Population
SE04 Sydsveiige 1316
SE06 N ona Mellansveiige 826
SE07 Melleista Noiiland 371
SE08 Ovie Noiiland 509
SE09 Smaland med oaina 800
SE0A V astsveiige 1810
SK01 Biatislavsky Kiaj 602
SK02 Zapadne Slovensko 1863
SK03 Stiedne Slovensko 1352
SK04 Vychodne Slovensko 1569
UKC1 Tees Valley and Duiham 1160
UKC2 Noithumbeiland and Tyne and Weai 1409
UKD1 Cumbiia 496
UKD2 Cheshiie 1001
UKD3 Gieatei Manchestei 2559
UKD4 Lancashiie 1445
UKD5 Meiseyside 1380
UKE1 East Riding and Noith Lincolnshiie 892
UKE2 N oith Y oikshiie 768
UKE3 South Yoikshiie 1287
UKE4 West Yoikshiie 2121
UKF1 Deibyshiie and N ottinghamshiie 2027
UKF2 Leicesteishiie, Rutland and N oithamptonshiie 1599
UKF3 Lincolnshiie 673
UKG1 Heiefoidshiie, Woicesteishiie and Waiwickshiie 1259
UKG2 Shiopshiie and Staffoidshiie 1513
UKG3 West Midlands 2607
UKH1 East Anglia 2242
UKH2 Bedfoidshiie and Heitfoidshiie 1632
UKH3 Essex 1648
UKI1 Innei London 2940
UKI2 Outei London 4536
UKJ1 Beikshiie, Buckinghamshiie and Oxfoidshiie 2136
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Code N am e Population
UKJ2 Suiiey, East and West Sussex 2599
UKJ3 Hampshiie and Isle of Wight 1816
UKJ4 Kent 1618
UKK1 Gloucesteishiie, Wiltshiie and Noith Someiset 2216
UKK2 Doiset and Someiset 1220
UKK3 Coinwall and Isles of Scilly 519
UKK4 Devon 1102
UKL1 West Wales and The Valleys 1889
UKL2 East Wales 1082
UKM1/UKM4 Noith Eastern Scotland, Highlands and Islands 880
UKM2 Eastern Scotland 1931
UKM3 South Western Scotland 2307
UKN0 N oithein Iieland 1722
Source: Eurostat (NEWCRONOS Regio Domain); OECD (National Accounts of OECD 
Countries. Main Aggregates)
i Population figures relate to the average number of inhabitants (in thousands) in 2005
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Annex 3 Estimation of regional labour productivity in 
Europe
A nnex to Section  5.2
T o  airive at regional lab o u i productiv ity  estim ates, u se  is m ade o f  g ro ss  value ad ded  figures 
(p iice  levels, exchange ia te s and purch asin g  p o w e i parities o f  2000) and the am oun t o f  
w o ik in g  h o u is  and p e iso n s  em ployed (including self-em ployed) by  in du stiy  at the national 
level derived  from  the E U - K L E M S  database (N o v e m b e i 2007). D a ta  at national level aie 
com plem en ted  by  N U T S -2  level data on  g ro ss  value added  and em ploym en t figures by 
in dustiy , b o th  derived  fro m  E u ro sta t ’s N E W C R O N O S  database.
N ation al figures on  gro ss  value ad ded  aie  d istributed  o v e i N U T S -2  level regions o n  the b asis  
o f  E u ro sta t  data obtain ed  fro m  the R egio  dom ain  o f  the N E W C R O N O S  database. F o i  each 
y e a i t  in the period  iu n n in g  fro m  1995 to  2005 , regional g ro ss  value added  o f  N U T S -2  level 
region  r  s ituated  in E U  m e m b e i state n is given  through  E qu atio n  (1).
GVArt (N C ) (1) 
GVA t ^    *  GVA , (E U K ) (1) 
GVAn,t (N C )
with G V A rt as g ro ss  value ad ded  at N U T S -2  level region r  in y ea i t  in 
te im s o f  the p iice  levels, exchange ia te s and pu rchasin g p o w e i parities o f  
2000 , G V A rt (N C ) as g ro ss  value added  at N U T S -2  level region r  in y eai 
t in c u iien t prices, G V A nt (N C ) as g ro ss  value ad ded  at the national level 
o f  E U  m e m b e i state n in y e a i t  in c u iien t prices and G V A ntt (E U K ) as 
g ro ss  value ad ded  o f  E U 1 5  m e m b e i state n in y ea i t in te im s o f  the p iice  
levels, exchange ia te s and purch asin g  p o w e i parities o f  2000. B oth  
G V A rt (N C ) and G V A njt (N C ) aie  d iaw n  fro m  E u ro sta t ’ s 
N E W C R O N O S  d atabase, R egio  dom ain . G V A n>t (E U K ) is d iaw n  from  
the E U - K L E M S  database.
T o  am v e  at regional estim ates o f  h o u is  w o ik ed , use is m ade o f  sh ift-shaie  estim ation  b a se d  on 
w o ik in g  h o u is  by  in du stiy  at the national level com bin ed  w ith regional p rod uction  stiu ctu ie  
figu ies on  em ploym en t at the in du stiy  level. N ation al figu ie s o f  w o ik  h o u is  by  in du stiy  aie 
d istributed  o v e i N U T S -2  level regions on  the b asis  o f  em ploym en t figures by  in du stiy 95. The
95 Use is made of employment figuies in teims of peisons employed (including self-employed). 
Employment figuies aie based on a five categoiy NACE classification which distinguishes between 1) 
agiicultuie, hunting, foiestiy and fishing (A-B), 2) mining and quaiiying, manufacturing, electiicity, gas
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resulting estim ates iely  on  the assu m ption  o f  con stan t am oun t o f  h o u is  w o ik ed  p e i  p e iso n  
em ployed  w ithin industries. T h e resulting estim ates at in du stiy  level aie  aggregated to a iiive  at 
a total am oun t o f  w o ik  h o u is  by  region. F o i  each  y ea i t  in the period  iun n in g  f io m  1995 to 
2005 , the am ou n t o f  h o u is  w o ik e d  in N U T S -2  level region  r  situated in E U  m e m b e i state n is 
given  through  E q u ation s (2) to (4).
H W rt =  X H W r, t (2)
with H W rt as estim ate o f  the am oun t o f  h o u is  w o ik ed  at N U T S -2  level 
region r  in y ea i t  and H W  t as estim ate o f  the am oun t o f  h o u is  w o ik ed  
at in dustiy  s, N U T S -2  level region r  in y ea i t. H W  t fo llow s f io m  
E x p re ss io n  (3).
HWn s t (EUK ) (3)
HWr s t =  EMP s t ------ ^ ------ - (3)
r.'.t r. E M P n Stt (EUK )
with H W  t as estim ate o f  the am ount o f  h o u is  w o ik e d  in N U T S -2  level 
region r, in du stiy  s and y e a i t, E M P v t  as em ploym ent in N U T S -2  level 
region r, in d ustiy  s and y e a i t, E M P nAt (E U K ) as em ploym en t at the 
national level o f  E U  m e m b e i state n in in du stiy  s and y ea i t and H W nst 
(E U K ) as the am oun t o f  h o u is  w o ik ed  at the national level o f  E U  
m e m b e i state n in in du stiy  s and y e a i t. B o th  E M P nAt (E U K ) and H W  t 
(E U K ) aie diaw n  f io m  the E U - K L E M S  database. E M P v t  fo llow s f io m  
E xp re ss io n  (4).
E M P  s t (N C ) (4)
E M P t ^ ------ *  E M P , (E U K ) (4)
'• ( EMPn (N C ) n '•
with E M P rst as em ploym en t in N U T S -2  level region  r, in dustiy  s  and y eai 
t, E M P Vi, (N C ) as em ploym ent in N U T S -2  level region  r, in d ustiy  s and 
y ea i t, E M P nsJ (N C ) as em ploym ent at the national level o f  E U  m e m b e i
and watei supply and constiuction (C-F), 3) wholesale and ietail, hotels and iestauiants and tianspoit, 
communication and stoiage (G-I), 4) finance, insuiance, ieal estate and business seivices (J-K),and 5) 
community, social and peisonal seivices (L-P). Due to limited data availability, foi the United Kingdom 
sectoi classification is based on a thiee categoiy classification in which seivices aie giouped undei a single 
categoiy of seivice activities. Since iegional employment data on the Netheilands aie missing foi the 
peiiod fiom 1995 to 2000, the employment development fiom 1995 to 2000 is based on Statistics 
Netheilands (2005) Regional Economic Accounts, accessible thiough Statline at http://www.cbs.nl.
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state n in in du stiy  s  y e a i t  and E M P nst (E U K ) as em ploym en t at the 
national level o f  E U 1 5  m e m b e i state n in in dustiy  s and y e a i t. B oth  
E M P Vi, (N C ) and E M P nsJ (N C ) aie  diaw n  fio m  E u ro sta t ’s 
N E W C R O N O S  database, R egio  dom ain . E M P nst (E U K ) is d iaw n  fio m  
the E U - K L E M S  database.
B a sed  on  E qu ation s (1) and (2), the regional estim ate o f  lab o u i productiv ity  is given  by  the 
fraction  o f  regional g ro ss  value ad ded  through the regional am oun t o f  h o u is  w oiked . F o i  each  
y e a i t  in the perio d  iu n n in g  f io m  1995 to 2005 , la b o u i productiv ity  o f  N U T S -2  level region  r  is 
given  through  E q u atio n  (5).
GVAr t (5)
L P  t = ------ r±  (5)
HWrt
with L P rt as estim ate o f  lab o u i productiv ity  in N U T S -2  level region i  in 
y ea i t, G V A rt as g ro ss  value ad ded  at N U T S -2  level region r  in y ea i t  in 
te im s o f  the price levels, exchange iates and pu rchasin g p o w e i parities o f  
2000 and H W rt as estim ate o f  the am oun t o f  h o u is  w o ik ed  at N U T S -2  
level region r  in y e a i t
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Annex 4 Knowledge economy indicators in European 
regions
Annex to Section 5.3
Figuie A4.1 R&D-intensity (grass domestic expenditures on R&D as a shaie in GDP) in 
business enteipiise sectois, 1995 to 2005, by NUTS-2 iegion2
Source: Eurostat (NEWCRONOS Regio Domain)
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Figure A4.2 R&D-intensity (gross domestic expenditures on R&D as a share in GDP) in 
non-profit sector (education, government and private non-profit institutions), 
1995 to 2005, by NUTS-2 region2
Source: Eurostat (NEWCRONOS Regio Domain)
1 Categories are based on a cumulative percentile distribution of 25; 50; 75; 90; 95; and 100
2 NUTS2-level regions in EU15, excluding Ceuta and Melilla (Spain), Aland (Finland), French Overseas 
Departments, Ionian Island and the North Aegean region (Greece), Aosta Valley (Italy), Madeira and the 
Azores (Portugal)
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Figure A4.3 Employment in R&D positions as a share in total employment, 1995 to 2005, by
NUTS-2 region2
Source: Eurostat (NEWCRONOS Regio Domain)
1 Categories are based on a cumulative percentile distribution of 25; 50; 75; 90; 95; and 100
2 NUTS2-level regions in EU15, excluding Ceuta and Melilla (Spain), Aland (Finland), French Overseas 
Departments, Ionian Island and the North Aegean region (Greece), Aosta Valley (Italy), Madeira and the 
Azores (Portugal)
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Figuie A4.4 Human iesouices in sciences and technology (occupation criterion), as a shaie
in population, 1995 to 2005, by NUTS-2 iegion2
Source: Eurostat (NEWCRONOS Regio Domain)
1 Categories are based on a cumulative percentile distribution of 25; 50; 75; 90; 95; and 100
2 NUTS2-level regions in EU15, excluding Ceuta and Melilla (Spain), Aland (Finland), French Overseas 
Departments, Ionian Island and the North Aegean region (Greece), Aosta Valley (Italy), Madeira and the 
Azores (Portugal)
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Figure A4.5 Human resources in sciences and technology (education criterion), as a share in
population, 1995 to 2005, by NUTS-2 region2
< 10.1 
10.1 -  12.3
Source: Eurostat (NEWCRONOS Regio Domain)
1 Categories are based on a cumulative percentile distribution of 25; 50; 75; 90; 95; and 100
2 NUTS2-level regions in EU15, excluding Ceuta and Melilla (Spain), Aland (Finland), French Overseas 
Departments, Ionian Island and the North Aegean region (Greece), Aosta Valley (Italy), Madeira and the 
Azores (Portugal)
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Figuie A4.6 Patent applications at the European Patent Office (EPO) pei million employees,
1995 to 2005, by NUTS-2 iegion2
Source: Eurostat (NEWCRONOS Regio Domain)
1 Categories are based on a cumulative percentile distribution of 25; 50; 75; 90; 95; and 100
2 NUTS2-level regions in EU15, excluding Ceuta and Melilla (Spain), Aland (Finland), French Overseas 
Departments, Ionian Island and the North Aegean region (Greece), Aosta Valley (Italy), Madeira and the 
Azores (Portugal)
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Figure A4.7 High-technology patent applications at the European Patent Office (EPO) per
million employees, 1995 to 2005, by NUTS-2 region2
Source: Eurostat (NEWCRONOS Regio Domain)
1 Categories are based on a cumulative percentile distribution of 25; 50; 75; 90; 95; and 100
2 NUTS2-level regions in EU15, excluding Ceuta and Melilla (Spain), Aland (Finland), French Overseas 
Departments, Ionian Island and the North Aegean region (Greece), Aosta Valley (Italy), Madeira and the 
Azores (Portugal)
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Figure A4.8 Employment in medium high-technology manufacturing as a share in total
manufacturing employment, 1995 to 2005, by NUTS-2 region2
Source: Eurostat (NEWCRONOS Regio Domain)
1 Categories are based on a cumulative percentile distribution of 25; 50; 75; 90; 95; and 100
2 NUTS2-level regions in EU15, excluding Ceuta and Melilla (Spain), Aland (Finland), French Overseas 
Departments, Ionian Island and the North Aegean region (Greece), Aosta Valley (Italy), Madeira and the 
Azores (Portugal)
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Figure A4.9 Employment in high-technology manufacturing as a share in total
manufacturing employment, 1995 to 2005, by NUTS-2 region2
< 3.7 
> 14.3
Source: Eurostat (NEWCRONOS Regio Domain)
1 Categories are based on a cumulative percentile distribution of 25; 50; 75; 90; 95; and 100
2 NUTS2-level regions in EU15, excluding Ceuta and Melilla (Spain), Aland (Finland), French Overseas 
Departments, Ionian Island and the North Aegean region (Greece), Aosta Valley (Italy), Madeira and the 
Azores (Portugal)
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Figure A4.10 Employment in high-technology services as a share in total services
employment, 1995 to 2005, by NUTS-2 region2
Source: Eurostat (NEWCRONOS Regio Domain)
1 Categories are based on a cumulative percentile distribution of 25; 50; 75; 90; 95; and 100
2 NUTS2-level regions in EU15, excluding Ceuta and Melilla (Spain), Aland (Finland), French Overseas 
Departments, Ionian Island and the North Aegean region (Greece), Aosta Valley (Italy), Madeira and the 
Azores (Portugal)
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Figure A4.11 Employment in knowledge-intensive services as a share in total services
employment, 1995 to 2005, by NUTS-2 region2
Source: Eurostat (NEWCRONOS Regio Domain)
1 Categories are based on a cumulative percentile distribution of 25; 50; 75; 90; 95; and 100
2 NUTS2-level regions in EU15, excluding Ceuta and Melilla (Spain), Aland (Finland), French Overseas 
Departments, Ionian Island and the North Aegean region (Greece), Aosta Valley (Italy), Madeira and the 
Azores (Portugal)
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Figure A4.12 Employees with tertiary education as highest level education attained, as a share
in total employment, 1995 to 2005, by NUTS-2 region2
Source: Eurostat (NEWCRONOS Regio Domain)
1 Categories are based on a cumulative percentile distribution of 25; 50; 75; 90; 95; and 100
2 NUTS2-level regions in EU15, excluding Ceuta and Melilla (Spain), Aland (Finland), French Overseas 
Departments, Ionian Island and the North Aegean region (Greece), Aosta Valley (Italy), Madeira and the 
Azores (Portugal)
288
Figure A4.13 Employees participating in life-long learning, as a share in total employment,
1995 to 2005, by NUTS-2 region2
Source: Eurostat (NEWCRONOS Regio Domain)
1 Categories are based on a cumulative percentile distribution of 25; 50; 75; 90; 95; and 100
2 NUTS2-level regions in EU15, excluding Ceuta and Melilla (Spain), Aland (Finland), French Overseas 
Departments, Ionian Island and the North Aegean region (Greece), Aosta Valley (Italy), Madeira and the 
Azores (Portugal)
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Figure A4.14 Students attending tertiary education as a share in total population, 1995 to
2005, by NUTS-2 region2
Source: Eurostat (NEWCRONOS Regio Domain)
1 Categories are based on a cumulative percentile distribution of 25; 50; 75; 90; 95; and 100
2 NUTS2-level regions in EU15, excluding Ceuta and Melilla (Spain), Aland (Finland), French Overseas 
Departments, Ionian Island and the North Aegean region (Greece), Aosta Valley (Italy), Madeira and the 
Azores (Portugal)
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Annex 5 Determinants of labour productivity in European 
regions
Annex to Section 5.4 
A5.1 R e sid u a l sco re s
Figure A5.1 Histogram o f residuals with productivity level as dependent (OLS)
iU
error
Figure A5.2 Scatterplot o f predicted values o f productivity level against residuals (OLS)
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Figure A5.3 Spatial distribution of residuals with productivity level as dependent (OLS)
Figure A5.4 Histogram o f residuals with productivity level as dependent (OLS-SR)
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Figure A5.5 Scatterplot of predicted values of productivity level against residuals (OLS-SR)
0
predicted dependent
Figure A5.6 Spatial distribution o f residuals with productivity level as dependent (OLS-SR)
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Figure A5.7 Histogram of residuals with productivity level as dependent (OLS-SR-LAG)
Figure A5.8 Scatterplot o f predicted values o f productivity level against residuals (OLS-SR- 
LAG)
0
0
00 ^
♦  *
0
00 0 
£  0 ♦
0
*
0 0 $
0 o
0
W $> <*>ft 0
>*>o 
<x*> 0
0
predicted dependent
0
294
Figure A5.9 Spatial distribution o f residuals with productivity level as dependent (OLS-SR- 
LAG)
Figure A5.10 Histogram o f residuals with productivity growth as dependent (OLS)
3
error
295
Figure A5.11 Scatterplot of predicted values of productivity growth against residuals (OLS)
Figure A5.12 Spatial distribution o f residuals with productivity growth as dependent (OLS)
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Figure A5.13 Histogram of residuals with productivity growth as dependent (OLS-SR)
Figure A5.14 Scatterplot o f predicted values o f productivity growth against residuals (OLS- 
SR)
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Figure A5.15 Spatial distribution o f residuals with productivity growth as dependent (OLS- 
SR)
Figure A5.16 Histogram o f residuals with productivity growth as dependent (OLS-SR-LAG)
298
Figure A5.17 Scatterplot of predicted values of productivity growth against residuals (OLS-
SR-LAG)
predicted dependent
Figure A5.18 Spatial distribution o f residuals with productivity growth as dependent (OLS- 
SR-LAG)
299
A 5 .2  S p a t ia l  r e g im e s
Table A5.1 Hofstede’s cultural dimension scores of European countries1
Country Code
Power
distan ce
Individualism M asculin ity
U ncertainty
avoidance
Austria AT 11 55 79 70
Belgium BE 65 75 54 94
Denmark D K 18 74 16 23
Finland FI 33 63 26 59
France FR 68 71 43 86
Germany DE 35 67 66 65
Ireland IE 28 70 68 35
Italy IT 50 76 70 75
Luxembourg LU 40 60 50 70
Netherlands NL 38 80 14 53
Portugal PT 63 27 31 104
Spain ES 57 51 42 86
Sweden SE 31 71 5 29
United Kingdom UK 35 89 66 35
Source: http://www.geert-hofstede.com 
1 EU-15 member states excluding Greece
Table A5.2 Cluster analysis on Hofstede’s cultural dimension scores o f European 
countries1, summary o f results
C luster Countries
Power
distan ce
Individualism M asculin ity
U ncertainty
avoidance
A DK; SE; FI; NL 30 72 15 41
B BE; FR; ES; PT 33 70 67 58
C IE; UK; DE; LU; 
IT; AT
63 56 43 93
Source: http://www.geert-hofstede.com 
1 EU-15 member states excluding Greece
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Figure A5.19 Dendogram (Ward’s method o f hierarchal agglomerative clustering)
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Source: http://www.geert-hofstede.com
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Annex 6 Sector classifications
Annex to Section 6.2
Table A6.1 Standard classification in manufacturing, service and other activities, N A CE 
Rev. 1 (1990)
Sector Code D escrip tion
Manufacturing D Manufacturing
Services G-K;
80.4; 90; 
91; 93
Wholesale and retail trade; repair of motor vehicles, motorcycles and 
personal and household goods; Hotels and restaurants; Transport, 
storage and communication; Financial intermediation; Real estate, 
renting and business activities; Adult and other education; Sewage 
and refuse disposal, sanitation and similar activities; Activities of 
membership organizations n.e.c.; Other service activities
Other A-C; E; F Agriculture, hunting and forestry; Fishing; Mining and quarrying; 
Electricity, gas and water supply; Construction
Source: Eurostat (1996)
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Table A6.2 High-technology activities1, NACE Rev. 1 (1990)
Code D escrip tion
DG Manufacture of chemical s, chemical products and man-made fibres
D K Manufacture of machinery and equipment n.e.c.
DL Manufacture of electrical and optical equipment
DM (excl. 35.1) Manufacture of transport equipment, excl. Building and repairing of ships 
and boats
64.2 Telecommunications
72 Computer and related activities
73 Research and development
Source: Eurostat (2005)
i Whereas the Eurostat classification is based on the classification in terms of the first two digits, in this 
study the classification is included in terms of three digits to better focus on R&D-intensive industries. 
Hence, shipbuilding and repair and post and courier services are excluded from the definition of high­
tech and medium-high tech activities.
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Annex 7 Partners in innovation processes
Annex to Section 6.3
Table A7.1 Number o f different kinds o f partners per firm innovating in partnership, by 
origin o f partners and sector, firm size and character o f innovation, 1996 to 
1998
R egion al N ation al International T o ta l
Total population 3.8 3.5 4.0 3.8
Sector
Manufacturing 4.0 3.6 4.5 4.1
Services 3.5 3.4 3.5 3.5
Other 4.3 3.4 5.6 4.2
High-technology activities
High-technology sectors 3.8 3.5 4.6 4.0
Other 3.8 3.5 3.8 3.7
Firm size
small 3.8 3.3 3.6 3.6
medium 3.4 3.5 4.5 3.8
large 4.8 4.3 4.9 4.6
Character of innovation (product and/ or process innovations)
Product innovation 3.9 3.8 4.4 4.0
Process innovation 2.8 1.9 2.1 2.4
Product and process innovation 3.7 3.9 4.5 4.0
Character of innovation (products new to the market or new to the firm)
Products new to the market 4.0 4.1 5.1 4.4
Products new to the firm 4.2 3.1 4.1 3.9
Source: Ministry of Economic Affairs, on the basis of Statistics Netherlands, CIS 2.5
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Annex 8 Determinants o f competitive position through 
collaborative innovation
Annex to Section 6.4
Table A8.1 Logistic regression w ith the im pact o f  innovation on competitive position as 
dependent, sector dummies
Sec to r d u m m ie s S ig n if ic a n t
im p a c t
C o n s id e rab le
im p a c t
Agriculture, hunting and forestry 1.31 (0.4) 0.48 (3.0)
Manufacture of food, beverages and tobacco 0.56 (1.7) 0.08 (22.7)**
Manufacture of textiles and leather 2.31 (1.8) 0.73 (0.3)
Manufacture of pulp and paper 5.17 (5.2)* 0.39 (2.7)
Publishing and printing 1.24 (0.2) 1.16 (0 .1)
Manufacture of refined petroleum 1.33 (0.11) 0.37 (1.3)
Manufacture of basic chemicals and fibres 1.13 (0.1) 0.06 (18.9)**
Manufacture of pharmaceuticals 0.71 (0.2) 0.38 (1.3)
Manufacture of chemical products n.e.c. 0.54 (1.7) 0.18 (11.5)**
Manufacture of rubber and plastic products 1.33 (0.4) 0.18 (12.7)**
Manufacture of basic metals 1.55 (0.5) 0.32 (3.2)
Manufacture of fabricated metal products 1.52 (1.0) 0.34 (6.5)*
Manufacture of machinery and equipment n.e.c. 2.91 (6.4)* 0.40 (5.0)*
Manufacture of electrical and optical equipment 0.71 (0.7) 0.23 (12.1)**
Manufacture of transport equipment 0.77 (0.3) 0.48 (2.3)
Manufacturing n.e.c. 0.68 (0 .8 ) 0.17 (14.2)**
Electricity, gas and water supply 0.14 (9.9)** 0.12 (8 .2 )**
Construction 3.44 (9.3)** 0.81 (0.3)
Wholesale trade 2.54 (5.8)* 0.65 (1.3)
Retail trade 7.28 (21.3)** 1.49 (1.0)
Hotels, restaurants; Motor vehicles trade and repair 12.68 (23.8)** 0.42 (4.2)*
Transport, storage and communication 4.67 (14.0)** 0.80 (0.3)
Financial intermediation 3.81 (9.0)** 0.39 (4.3)*
Computer and related services 4.21 (10.5)** 1.00 (0 .0 )
Legal and economic services 6.96 (16.4)** 1.09 (0.0)
Architectural and engineering activities 1.91 (2.4) 0.29 (8.9)**
Business services n.e.c.; Renting machinery and equipment 1.53 (1.2) 0.53 (2.6)
Sewage and refuse disposal, sanitation; Services n.e.c. 0.92 (0.0) 0.20 (5.7)*
Source: Ministry of Economic Affairs, on the basis of Statistics Netherlands, CIS 2.5
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Table A8.2 H osm er-Lem eshow  test contingency table for the m odel w ith significant im pact 
o f  innovation on m arket position as dependent
D e c i le  o f  r is k N o  s ig n if ic a n t  im p a c t S ig n if ic a n t  im p a c t T o ta l
observed expected observed expected
1 243 248 82 77 325
2 201 170 123 154 324
3 107 135 219 191 326
4 120 109 204 216 324
5 69 91 257 235 326
6 99 72 227 254 326
7 40 60 287 268 328
8 39 48 285 277 324
9 59 36 265 289 325
10 12 23 311 301 323
Source: Ministry of Economic Affairs, on the basis of Statistics Netherlands, CIS 2.5
Table A8.3 H osm er-Lem eshow  test contingency table for the m odel with considerable 
im pact o f  innovation on  m arket position as dependent
D e c i le  o f  r is k N o  co n s id e ra b le  im p a c t C o n s id e ra b le  im p a c t T o ta l
observed expected observed expected
1 300 301 26 25 326
2 272 271 53 54 325
3 243 252 81 72 324
4 253 236 70 87 323
5 229 226 96 99 325
6 215 211 109 113 324
7 171 194 154 131 325
8 163 174 162 151 325
9 159 148 166 177 325
10 118 109 212 221 330
Source: Ministry of Economic Affairs, on the basis of Statistics Netherlands, CIS 2.5
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Samenvatting
Deze studie richt zich op ruimtelijke dimensies van innovatie. In het huidige tijdsgewricht van 
globalisering, dat zich kenm erkt door sterkere internationale concurrentie en korte levenscycli 
van producten  en achterliggende technologie, richten bedrijven zich sterk op hun 
kernactiviteiten. V oor bedrijven in W esterse landen m et een relatief hoge kostenstructuur geldt 
het adagium dat wie niet goedkoop is slim m oet zijn. D it kan door te concurreren op innovatie. 
D oor het invoeren van nieuwe o f  verbeterde goederen, diensten o f  processen kunnen 
bedrijven belangrijke concurrentievoordelen behalen. O m dat innovatie vaak nieuwe 
combinaties van verschillende bedrijfscom petenties behelst is het weinig verrassend dat 
bedrijven steeds vaker sam enwerken m et andere organisaties om  zo gezamenlijk innovatieve 
producten  op de m arkt te zetten. Deze samenwerkingsrelaties zijn niet in beton  gegoten. Juist 
flexibele vorm en van samenwerking waarin bedrijven zich in steeds wisselende coalities 
aanpassen aan de m arkt blijken duurzaam  concurrentievoordeel op te leveren. In  de literatuur 
spreekt m en in dit verband ook wel van open innovatie. Hierm ee benadrukt m en de 
tegenstelling m et gesloten innovatiestrategieën die voornam elijk b innen de bedrijfsm uren 
gestalte krijgen.
In het aangaan van bedrijfsexterne samenwerkingsrelaties gaat m en niet over één nacht ijs. 
Integendeel, dergelijke verbanden ontstaan juist op basis van vertrouw en dat w ordt 
opgebouw d in zogenaamde georganiseerde m arktstructuren. H et gaat niet alleen om  vraag, 
aanbod en het resulterende prijsniveau op abstracte m arkten, m aar om  sociaal ingebedde 
relaties. Niets menselijks is een ondernem er o f  een bedrijfsm anager vreemd. Juist de 
onzekerheid waarmee technologische ontwikkeling w ordt gekenm erkt m aakt vertrouw en een 
noodzakelijke voorwaarde voor econom ische interactie. In een volledig voorspelbare context 
heeft vertrouw en m inder waarde om dat risico’s van opportunistisch gedrag kunnen w orden 
afgedwongen door juridische bepalingen. In de onzekere context van innovatie kom t de regio 
naar voren als arena waarin bedrijven elkaar w eten te vinden op basis van vertrouwen, 
verwantschap en verwevenheid. In andere w oorden, nabijheid geldt als katalysator voor 
innovatie. O p basis van dezelfde culturele achtergrond werken is het voor regionale partijen 
relatief gemakkelijk onderling samen te werken. In gezamenlijke leerprocessen ontwikkelde 
kennis is grotendeels moeilijk vast te leggen, doordat het als het ware ‘in het hoo fd ’ van de 
ontwikkelaar dan wel gebruiker blijft hangen. D it in tegenstelling to t expliciet vastgestelde 
gegevens, die dankzij internet m et een muisklik probleem loos grote afstanden kunnen 
overbruggen. De link m et regionale concurrentiekracht en ontwikkeling is snel gelegd. 
Gezamenlijk tussen partijen ontwikkelde kennis blijft ‘hangen’ in de regio en fungeert als 
collectief concurrentievoordeel in de wereldwijde kenniseconomie.
Bovenstaand betoog  kan als een populaire sam envatting w orden gezien van theoretische 
argum enten die b innen de zogenaamde school van territoriale innovatiem odellen w orden
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gebezigd. Deze m odellen zijn uitgebreid samengevat en geëvalueerd in hoofdstuk 2. 
K enm erkend aan deze modellen, die gestructureerd zijn rond concepten als bijvoorbeeld 
lerende regio’s, industriële districten, regionale innovatiesystem en en innovatieve clusters, is dat 
ze sterk zijn geïnspireerd door succesvoorbeelden van sterk innovatieve regio’s zoals Silicon 
Valley aan de W estkust van de Verenigde Staten, Emilia-Rom agna en Toscane in Midden-Italie 
en Baden-W ürttem berg en Beieren in Zuid-Duitsland. H oewel recente bijdragen m instens net 
zo veel aandacht schenken aan m inder welvarende gebieden, benadrukken de meeste studies de 
specifieke historische, culturele en institutionele context. D it m aakt het lastig op basis van 
dergelijke studies te generaliseren om  zo inzicht te krijgen in algemene patronen van regionaal­
econom ische ontwikkeling.
Gegeven bovenstaande context richt deze studie zich op het verkrijgen van inzicht in 
ruimtelijke dimensies van innovatie vanuit een breder perspectief dan specifieke casussen 
kunnen bieden. D it is n iet alleen vanuit een puur wetenschappelijke invalshoek relevant. Vanuit 
het beleid w orden claims dat de regio als een structurerende arena fungeert in  de huidige 
wereldwijde kenniseconomie m et beide handen aangegrepen. Beleidsmakers op zowel 
regionaal, nationaal als supranationaal niveau hebben de verantwoordelijkheid de juiste 
publieke randvoorwaarden te scheppen in  de context van open innovatie. Zowel de 
Organisatie van Econom ische Samenwerking en Ontwikkeling (OESO) als de Europese 
Commissie schenken in dit verband ruim schoots aandacht aan regionale dimensies van 
innovatie en concurrentiekracht. In verschillende Europese landen nem en clusters van 
sam enwerkende, innovatieve bedrijven een centrale positie in  bij de form ulering van nationaal 
beleid. Zo ook in  Nederland, waar de rijksoverheid m et de gebiedsgerichte economische 
agenda Pieken in de D elta een belangrijke bijdrage wil geven aan clusters van nationaal belang 
door potenties voor verdere ontwikkeling te benutten. Dergelijke beleidsinitatieven 
veronderstellen een structurele invloed van ruimtelijke dimensies van innovatie op 
concurrentiekracht. Gegeven de toegenom en noodzaak to t uniform  ingestoken 
beleidsverantwoording verdient de filosofie achter dergelijke beleidsstrategieën een bredere 
onderbouw ing dan specifieke casussen kunnen bieden.
Ruimtelijke dimensies van innovatie w orden in deze studie op twee niveaus in kaart gebracht, 
op het niveau van regio’s en op het individuele bedrijfsniveau. O p het niveau van regio’s w ordt 
aangesloten bij de sterk em pirisch georiënteerde school van de geografie van innovatie, die zich 
van de eerder genoem de school van territoriale innovatiem odellen onderscheidt door een 
zogenaam d hom ogeniserend, sterk uniform  ingestoken perspectief dat sterk op generalisatie is 
gericht. Theoretische inspiratiebronnen van de geografie van innovatie zijn agglomeratietheorie 
en de endogene groeitheorie. Eerstgenoem de theorie verklaart het bestaan van stedelijke 
agglomeraties u it externe econom ische schaal- en scopevoordelen (zogenaamde lokalisatie- o f 
urbanisatievoordelen). Laatstgenoem de theorie doet recht aan de invloed van technologische 
ontwikkeling op econom ische groei en onderscheidt zich hiermee van standaard neoklassieke 
groeitheorie die technologische ontwikkeling als exogeen gegeven veronderstelt. In hoofdstuk 
5 w ordt de benadering van de geografie van innovatie toegepast op Europese regio’s op basis
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van een geconstrueerde dataset van regionaal-economische kerncijfers. Een eerste conclusie is 
dat in het Europese regionaal-economische palet de kenniseconom ie n iet bestaat. 
Verschillende com ponenten  van de kenniseconom ie betreffen ontwikkeling, 
toepassingsgerichte kennis en onderwijs. Ontwikkeling en toepassingsgerichte kennis blijken 
sterk ruimtelijk geconcentreerd en bovendien sterk gericht te zijn op stedelijke gebieden. Uit 
m odelberekeningen blijkt dat ontwikkeling en toepassingsgerichte kennis beide een positief 
effect uitoefenen op zowel niveau als ontwikkeling van regionale arbeidsproductiviteit. 
D aarnaast bieden de resultaten indicaties voor het bestaan van kennis spillovers tussen 
nabijgelegen regio’s. Nabijheid blijkt in  deze zin dus relevant v oor concurrentiekracht.
E en  verrassende uitkom st is dat m inder gefortuneerde regio’s in de kenniseconom ie hun 
achterstand inlopen op de massa. De literatuur veronderstelt dat achtergestelde regio’s in de 
kenniseconom ie zonder overheidsingrijpen steeds verder zullen afzakken ten opzichte van de 
koplopers. D o or de lage onderzoeks- en ontwikkelingsinspanningen kunnen dergelijke regio’s 
nauwelijks kennis van buiten absorberen, simpelweg om dat m en deze kennis niet goed op zijn 
merites kan beoordelen. M et andere w oorden, bedrijven en instellingen die in dergelijke regio’s 
gevestigd zijn missen een adequaat cognitief interpretatiekader. Dergelijke verwachtingen 
kunnen op basis van de hier gepresenteerde analyses n iet w orden bevestigd. Integendeel, 
perifeer gelegen kennisextensieve regio’s hebben de afgelopen jaren een beduidend sterkere 
ontwikkeling in de kennisintensiteit van productie gekend dan hun m eer gefortuneerde 
tegenhangers.
De overige hierboven geschetste bevindingen zijn grotendeels in  lijn m et eerder onderzoek. 
W at de hier gepresenteerde analyses onderscheidt van eerder onderzoek is de breedte van de 
insteek. W aar eerder onderzoek voornam elijk is gericht op een nog  relatief eng gedefinieerde 
kennisproductiefunctie rond de transform atie van onderzoeks- en ontwikkelingsinspanningen 
naar gepatenteerde vindingen, richten de hier gepresenteerde analyses zich op een breed palet 
van kennisinputs m et niveau en groei van arbeidsproductiviteit als indicatoren van resulterende 
concurrentiekracht. N iettem in blijft de analyse voor verbetering vatbaar, vooral waar het gaat 
om  het integreren van verschillende soorten concepten van afstanden in de analyse. N aast het 
geom etrische afstandsbegrip dienen in vervolgonderzoek ook de nationale omgeving en een 
omgeving gebaseerd op regio’s m et overeenkom stige eigenschappen in  de modelberekeningen 
te w orden betrokken; de eerste om dat de invloed van nabijgelegen regio’s in de literatuur sterk 
in  verband w ordt gebracht m et interacties in het nationale innovatiesysteem , de tweede om dat 
innovaties steeds vaker to t stand kom en in wereldwijde innovatienetwerken, waarbinnen 
toptechnologische regio’s onderling zijn verbonden. D e belangrijkste beperking binnen de hier 
gevolgde benadering van de geografie van innovatie betreft echter het feit dat interacties 
w orden verondersteld op basis van statistische patronen. Kennisinteracties blijven 
noodgedw ongen gehuld in  nevelen. O m  grip te krijgen op de vorm  en wijze waarop interacties 
in  de praktijk gestalte krijgen is additioneel onderzoek vereist op het niveau van de individuele 
ondernem ing.
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De analyses op het individuele bedrijfsniveau sluiten aan bij het theoretisch raam werk van de 
ruimtelijke industriële organisatie van innovatie. D it raam werk is ontwikkeld op basis van 
inzichten uit de industriële organisatie (transactiekostentheorie en de benadering die gebaseerd 
is op zogenaamde bedrijfscom petenties), gecom bineerd m et ruimtelijke elem enten uit enerzijds 
de al eerder aangehaalde territoriale innovatiem odellen en anderzijds inzichten uit 
internationaal bedrijfsm anagem ent. D e theorie staat in  detail beschreven in  hoofdstuk 3 en 
resulteert in de volgende lijnen. T en eerste w ordt een positief verband verondersteld tussen 
afstand tussen sam enwerkingspartners en transactiekosten in  innovatieprocessen die deze 
partners gezamenlijk ondernem en. Deze veronderstelling is n iet nieuw en kan op het conto 
geschreven w orden van het begin jaren tachtig ontwikkelde werk van de Californische school 
in de economische geografie. K ort gezegd kom t het erop neer dat nabijgelegen 
sam enwerkingspartners onderling m inder problem en in hun  samenwerkingsrelatie 
ondervinden dan partners die onderling op grotere afstand van elkaar gevestigd zijn. Dergelijke 
dynamische transactiekosten zijn in het algemeen hoger naarm ate er m eer onzekerheid in het 
spel is. In  het algemeen geldt des te m eer m en vooruitloopt op bestaande technologie, des te 
m eer onzekerheden m oeten w orden overwonnen. V oor m eer radicale innovatietrajecten, die 
zich n ie t richten op de exploitatie van bestaande technologische mogelijkheden, m aar op het 
exploreren van nieuwe technologische toepassingen, wegen dergelijke kosten dan ook zwaarder 
op de begroting. Vanuit het perspectief van transactiekosten w orden daarom  juist exploratieve 
innovatietrajecten in  verband gebracht m et ruimtelijk geconcentreerde clusters van gerelateerde 
bedrijvigheid. Ten tweede wijst de theorie van de ruimtelijk industriële organisatie van 
innovatie op het belang van wijdere netw erken tussen partners die niet in dezelfde regio o f 
zelfs in verschillende landen zijn gevestigd. V oor bedrijven die actief zijn op de grens van de 
technologie zijn n iet alle relevante partners zo m aar even om de hoek te vinden. Deze 
bedrijven zoeken actief naar samenwerking om  op een buitenregionaal, zelfs internationaal 
niveau toegang te krijgen to t een brede set van uiteenlopende competenties. O p het eerste 
gezicht lijken de twee bovengenoem de lijnen m et elkaar in tegenspraak. Vanuit een 
transactiekostenperspectief w orden hoogtechnologische, exploratieve ontwikkeltrajecten in 
verband gebracht m et nabijheid in samenwerkingsrelaties. Vanuit een com petentiegerichte 
benadering w orden dergelijke ontwikkeltrajecten juist in verband gebracht m et buitenregionale, 
vaak internationale samenwerkingsrelaties. O nderzoek in internationaal m anagem ent wijst in 
dit verband vaak op buitenlandse investeringen vanuit multinationale ondernem ingen. D oor 
vestigingen op te zetten in verschillende innovatieve h o t spot regio’s p rofiteert m en 
tegelijkertijd van ruimtelijke nabijheid (vestigingsplaats b innen de betreffende regio) en 
nabijheid b innen de organisatie (vestigingen als onderdeel van het betreffende 
m oederconcern). Binnen een dergelijke investeringsstrategie weet m en tegelijkertijd kennis en 
kunde vanuit verschillende delen van de wereld te combineren. K ortom , in  de ruimtelijke 
organisatie van innovatieve netwerken is dus sprake van een wisselwerking tussen 
transactiekosten en competenties. Nabijheid kent het voordeel van lage transactiekosten, m aar 
tegelijkertijd bestaat de kans dat schaarse com petenties niet in de nabije omgeving w orden 
aangetroffen. Aan de andere kant b iedt internationale samenwerking (in potentie) toegang to t 
een brede set van uiteenlopende, schaarse competenties. O f dit voordeel echter daadwerkelijk
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kan w orden behaald is echter hoogst onzeker, gezien de relatief hoge transactiekosten die 
gepaard gaan m et sam enwerking over grote afstanden.
O p basis van de door het Centraal Bureau voor de Statistiek afgenomen innovatie-enquête 
onder innovatieve bedrijven in  N ederland zijn bovenstaande verbanden em pirisch getoetst. De 
analyses staan beschreven in hoofdstuk 6. Bedrijven die hoofdzakelijk m et regionale 
sam enwerkingspartners innoveren lopen in het algemeen tegen m inder problem en in  het 
m anagem ent van samenwerkingsrelaties aan dan bedrijven die hoofdzakelijk in samenwerking 
m et internationale partners innoveren. Onzekerheid en transactiekosten blijken nauw  samen te 
hangen. Bedrijven die op basis van state-of-the-art technologie innovaties w eten voort te 
brengen kom en in hun  samenwerkingsrelaties relatief m eer problem en tegen dan 
ondernem ingen waarvan doorgevoerde innovaties slechts voor het bedrijf zelf als vernieuwend 
gelden. Deze conclusies zijn in  lijn m et ruimtelijke interpretaties van transactiekosten in  de 
econom ische geografie. D aarnaast zijn de conclusies in lijn m et inzichten in internationaal 
m anagem ent rond het verkrijgen van toegang to t com petenties van sam enwerkingspartners in 
wereldwijd georganiseerde innovatienetwerken. R& D-bedrijven blijken sterker dan overige 
innovatieve ondernem ingen gericht op internationale sam enwerking in innovatieprocessen. 
V oor R& D-bedrijven geldt technologische innovatie nadrukkelijk als kerncom petentie. Deze 
bedrijven richten zich in vergelijking m et andere innovatieve ondernem ingen op het exploreren 
van nieuwe technologische mogelijkheden in plaats van het exploiteren van bestaande 
technologische mogelijkheden. Buitenregionale en internationale samenwerkingsrelaties blijken 
echter n iet gemakkelijk te onderhouden. H et is daarom  niet verwonderlijk dat de m inderheid 
van R& D -bedrijven die wel in staat blijkt te zijn geschikte partners op beperkte afstand te 
vinden, concurrentievoordeel haalt uit deze gunstige omstandigheid.
O p basis van de conclusies kunnen de centrale ruimtelijk discriminerende determ inanten in  de 
theorie van de ruimtelijk industriële organisatie van innovatie w orden onderschreven. De 
positieve relatie tussen transactiekosten en afstand, op een enkele uitzondering na alleen in 
afzonderlijke case studies bevestigd, is in deze studie bevestigd op basis van grootschalig 
veldonderzoek onder een brede populatie van innovatieve bedrijven in  Nederland. O p basis 
van diezelfde populatie is het verband tussen technologische exploratie, als kernactiviteit van 
R&D-bedrijven, en de afstand tussen sam enwerkingspartners in innovatienetwerken 
aangetoond. D aarnaast bieden de analyses een belangrijke vingerwijzing naar 
concurrentievoordelen als gevolg van een vestigingslocatie b innen ruimtelijk geconcentreerde 
clusters. Juist van bedrijven die binnen een ruimtelijk geconcentreerd cluster actief zijn kan 
verwacht w orden dat deze overwegend participeren in regionale innovatienetwerken. O m dat in 
deze studie geen onderscheid is gemaakt naar de exacte vestigingslocatie van betrokken 
bedrijven is aanvullend onderzoek gewenst.
In relatie to t de eerder aangehaalde school van territoriale innovatiem odellen is de toegevoegde 
waarde van het raamwerk van de ruimtelijk industriële organisatie van innovatie dat ruimtelijke 
aspecten van innovatie op basis van een brede populatie van innovatieve bedrijven w orden
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belicht. N iet de regio, m aar het individuele bedrijf fungeert als centrale eenheid van analyse. 
H ierm ee vorm en niet alleen regionale interacties, m aar buitenregionale en zelfs wereldwijde 
interacties onderdeel van de analyse en w orden theoretische verbanden niet op basis van een o f 
enkele cases, m aar op basis van een brede bedrijfspopulatie onderzocht. In relatie to t de sterk 
em pirisch getinte geografie van innovatie benadering m aakt het raamwerk van de ruimtelijk 
industriële organisatie van innovatie onderscheid tussen twee ruimtelijk discriminerende 
determ inanten van innovatie, die ten opzichte van elkaar een tegengestelde invloed uitoefenen 
op ruimtelijke verbanden en innovatief vermogen. Veel eerder onderzoek binnen de 
benadering van de geografie van innovatie relateert innovatiekracht simpelweg aan nabijheid. 
Vooral in een open econom ie als de N ederlandse levert een dergelijke onderzoeksopzet zelden 
overtuigend bewijs voor een structurerende werking van de factor ruim te op 
innovatieprocessen. Gegeven de tegengestelde ruimtelijke uitwerking van de centrale 
determ inanten in  de ruimtelijke organisatie van innovatie, zijn dergelijke uitkom sten van eerder 
onderzoek niet verrassend. Aan de ene kant is nabijheid van belang, gegeven dynamische 
transactiekosten die aanmerkelijk lager uitvallen in  een regionale setting. Aan de andere kant is 
internactie op afstand van belang gegeven de toegang to t schaars beschikbare com petenties 
waarmee op wereldwijde schaal vernieuwende combinaties kunnen w orden ontwikkeld. 
Hoewel een evaluatie van concrete beleidsinitiatieven op basis van deze studie niet mogelijk is, 
b ieden de conclusies een onderbouw ing van de beleidsfilosofie achter gebiedsgerichte 
econom ische initiatieven gericht op versterking van het innovatieverm ogen. Als concreet 
aandachtspunt voor beleid kan op basis van deze studie gepleit w orden om  een focus op 
regionaal organiserend verm ogen structureel te com bineren m et voldoende aandacht voor 
externe verbanden buiten de regio. D it kan bijvoorbeeld door de inzet in het gebiedsgericht 
innovatiebeleid goed af te stem m en m et internationale acquisitie van bedrijvigheid en de 
mogelijkheid te overwegen om  ook buitenlandse partijen gebruik te laten m aken van het 
beleidsinstrum entarium .
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This study offers insight in spatial dimensions of innovation. It combines insights gained from 
economic geography (territorial innovation models and the geography of innovation), 
industrial organization (transaction cost economics and the competence-based approach) and 
international business management to arrive at a theory on the sp atia l industrial o rga n iza tio n  
of innovation. Spatial dimensions of innovation are empirically assessed at both the aggregate 
level of European regions and the micro level of firms in the Netherlands, engaged in collaborative 
innovation processes. The results convincingly point to the relevance of space in innovation 
processes and the conclusions underline the philosophy behind spatial innovation policy strategies.
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